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CHAPTER I 
SURVEY OF RELATED LITERAWRE 
INTRODUCTION 
In its Thirty-First Yearboo~ the committee on science of 
the National Society for the Study of ~ducation reported in 
1932 findings of its several investigations and experiences. 
The principal goal of general education as expounded in this 
report is life enrichment. The members of the committee are 
at an agreement "that this goal may be achieved by developing 
an understanding of principles, of generalizations, that have 
proved most important during the evolution of mankind."2 The 
committee further stresses that a program in science for gener-
al education should be organized around principles, or general-
izations, that are useful in the lives of boys and girls.3 
The committee also advises that facts should be taught 
only as they can be used to make the functional understanding 
of principles and the development of their associated scien-
tific attitudes easy.4 
' ,, 
1. A Program for Teaching Science, Thirty-First Yearbook of 
the National Society for the Study of Education, Part I, 
Bloomington, Illinois: Public School Publishing Company, 
1932. 
2. Ibid., P• 43. 
3. ~- 2!1· 
4. Loo. Cit. 
The Thayer Commission on Secondary School Curriculum or 
the Progressive Education Association published in 1938 the 
report of its findings on the role of science in general edu-
cation.l This commission explains the idea that scientific 
instruction should be guided toward meeting the needs which 
exist in the basic aspects of living. Hence, subject matter 
to be included in instruction in science comes from the realm 
of the pupils' interests.2 
2 
The Thayer Commission further advises the development of I 
interpretive understandings as a goal of scientific instruction I 
in so far as these understandings effect marked changes in the 
individual's behavior.3 This commission, moreover, refers to 
a generalization of science as "an interpretive understanding" 
' 
while the Thirty-First Yearbook Committee calls a generalizatioTJ 
a principle. 
The reports of both groups agree, however, that the 
principal goal of instruction in science at all grade levels 
of general education is a functional understanding of scientiric 
principles. 
1. Progressive Education Association, Commission on Secondary 
School Curriculum, Science in General Education, New York: 
D. Appleton-Century Company:-1938. 
2. Ibid., p. 27. 
3. Ibid., p. 55. 
SURVEY OF IMPORTANT RESEARCH STUDIES PERTAINING TO T.BE 
DETERMINATION OF PRINCIPLES AS OBJECTIVES 
OF SCIENCE TEACHING 
3 
Downing1 published as early as 1925 the fact that there 
are three stages of development in the solving of a scientific 
problem: (l)_ the accumulation of facts, (2) discovery of the 
relation and sequence of such facts reduced to generalizations, 
and (3) discovery of the approximate causes that underlie such 
laws or principles. 
In preparing a course of study in science for the ele-
mentary grades Craig, 2 in 1927, maintained that "the problem 
in the elementary school in regard to science is not so much 
that of training boys and girls to become scientists, as it is 
of helping them to become intelligent laymen." To accomplish 
this end, a course of study should be planned that will develop 
certain objectives which relate to the factors, principles, 
generalizations, and hypotheses of science essential to the 
interpretation of natural phenomena which challenge children 
in their environment. 
1. Elliot R. Downing, Teaching Science in the Schools, Chicago: 
University of Chicago Press, 1925, p;-5~ 
2. Gerald S~ Craig, Certain Techniques Used in Developing A 
Course of Study in Science for the HoracelMann Elementary 
School, Teachers Col~e Contribution to Education, No. 276, 
New York: Teachers College, Columbia University, 1927, 
pp. 12-13. 
4 
In a study to find out the amount of space in textbooks 
devoted to principles of science Heinemann1 analyzed twenty 
textbooks of general science. In this study a principle of 
science was derined as a "statement of relationship frequently 
. causal in nature between two facts." In all, ninety-three 
! principles were found in the twenty books. It was noted that 
only a little more than twelve per cent of all the reading 
space was given to principles. It was found that the authors 
of the various books dealt with principles very briefly. Also, 
the authors showed little agreement as to which principles were 
of the greatest importance. This study recommended that the 
development of a few principles with several applications is 
much better than teaching a great many principles with only a 
few applications. 
Downing, 2 in 1934, conducted a study at the University of 
Chicago of more than twelve master's theses and derived chemis-
try, physics, and biology. The principles were classified and 
arranged in order of importance as determined by the amount of 
subject matter each principle required to make it understandable. 
In an attempt to determine the major principles of science 
which are suitable as goals of instruction in general education 
1. Ailsie M. Heinemann, "A .. stu~y of General Science Textbooks," 
General Science Quarterly, XIII,November, 1928, pp. 11-23. 
2. Elliot Rowland Downing, An Introduction to the Teaching of 
Science, Chicago: University of Chicago~ess, 1934, --
PP· 39-48. 
5 
grades 1-6, inclusive, Robertson1 finished an extensive in- II 
vestigation in 1934. Four master's theses and another un-
published study from the University of Michigan and three 
published studies by Downing and two other unpublished studies 
from the University of Chicago were scrutinized to obtain lists 
of major and minor principles. Criteria for a principle were 
set up, and a jury of four members of the Department of Science, 
University of Michigan High School, compared each principle 
with the criteria and those that did not fit were cut out. 
Following are the criteria used in this study: 
To be a principle a statement: 
Must be a comprehensive generalization. 
Must be true without exception within the 
limitations specifically stated. 
Must be a clear statement. of a process or 
interaction. 
Must be capable of illustration so as to 
gain conviction. 
Must not be a part of a larger principle. 
Must not be a definition. 
Must not deal with a specific substance or 
variety or with a limited group of 
substances or species. 
A total of 253 principles were found which applied to the 
established criteria. Then this list was shown to fifteen 
science teachers who checked the principles using a five-point 
scale to determine their appropriateness as goals of instruction 
in the elementary grades. In the opinion of the evaluators 
1. Martin L. Robertson, "The Selection of Science Principles 
Suitable as Goals of Instruction in Elementary Science," 
Science Education, XIX, February, 1935, pp. 1-4; April, 
1935, PP• 65-70. 
6 
many of the principles were not suitable for the lower grades. 
Therefore, the final list consisted of 113 principles suitable 
as goals of instruction for grades 1-6. 
Pruitt1 studied extensively to find out the concepts and 
generalizations in the field of chemistry which are of most 
distinctive value to man in interpreting his environment. OVer 
50,000 pages of material, including several issues of three 
popular literary periodicals, issues of four popular scientific 
magazines, one chemical journal, questions from three nation-
ally known examinations, numerous books on various phases of 
science, particularly chemistry, and one year's issue of 
several newspapers, were examined. By using the same criteria 
\ 
for a principle as were used previously by Robertson, a final 
list of 135 generalizations related to chemistry was made with 
the principles set up in the approximate order of their im-
portance. 
Wise2 carried out an exhaustive and comprehensive investi-
gation of the principles of the physical sciences. His 
criteria for a principle, while similar to Robertson's, were 
more concise. Following are the criteria used in this study: 
1. Clarence Martin Pruitt, An Analysis, Evaluation, and 
Synthesis of Subject-Matter Concepts and Generalizations 
in Chemistry. Doctor's Dissertation, Teachers College, 
Columbia University, 1935. Distributed through Science 
Education. . 
2. Harold E. Wise, "A Determination of the Relative Importance 
of Principles of Physical Science for General Education," 
Science Education, XXV~ December, 1941 pp. 371-79; XXVI, 
January, 1942, pp. 8-1~. 
To be a principle a statement: 
Must be a comprehensive generalization 
describing some fundamental process, 
constant mode of behavior, or 
property relating to natural 
phenomena. 
Must be true without exception within 
limitations specifically stated. 
Must be capable of illustration. 
Must not be a definition. 
Using separate lists of principles developed by Arnold, 
!Hartman and Stephens, Pruitt, and Robertson and employing a 
reliable technique, Wise1 formulated a defensible list of 272 
principles of physical science. Of these 272 principles, 264 
were set up in the relative order of importance for general 
education grades 1-14, inclusive. Included in this composite 
list of principles were principles of chemistry, geology, and 
physics (including astronomy andmeteorology). 
In 1947, Miles2 conducted an investigation to determine 
the relative importance of the principles of physical science 
and experiments for inclusive integration of physical science 
for senior high schools. Mile's criteria were similar to the 
ones used in Robertson's study. Miles submitted a copy of 
Wise's list of 272 principles of physical science to five 
7 
1. Harold E. Wise, A De~ermination of the Relative Importance 
of Principles of Physical Science for General Education. 
Unpublished doctor's dissertation, University of Michigan, 
1941. 
2. Vanden W. Miles, "A Determination of Principles and Experi-
ments for an Integrated Course of Physical Science for High 
School~.." Author's unpublished Ph.D. dissertation.\ Univer-
sity or Michigan, 1947i Science Education, Vol. j), No. 2, 
March, 1949, pp. 147, 51-152. 
specialists in the rield or science. The results or his study 
showed that 214 or the 217 principles were of great importance 
as judged by the five specialists. 
8 
The Thirty-First Yearbook Committee recommended that an 
assignment or scientiric generalizations to definite grade 
levels be considered in terms of increasingly enlarged and 
mature understandings or certain principles established as 
goals of instruction at every level of development. This study 
by Wise and Miles represents a partial solution to the problem 
inasmuch as it established the essential principles found in 
the field of the physical sciences. 
To determine what principles of science are found in 
textbooks for the elementary grades, Reek1 made an investigatfun 
of Jour series of textbooks written specifically for grades 
1-6. It was discovered that authors of these books did not 
treat principles as the Thirty-First Yearbook Committee had 
suggested and that the authors dwelt more. on physical than on 
biological principles. Some of the authors did not try to use 
principles at all. 
Martin2 in 1944 made a thorough investigation of the 
principles of the biological sciences. The following criteria 
1. 
2. 
Doris Lucille Reek, A Study of the Principles of Science 
Found in Four Series of Textbooks of Elementary Science. 
Unpublished master's thesis, University of Michigan, 1943. 
w. Edgar Martin, "A Determination of the Principles of the 
Biological Sciences of Importance for General Education!" 
Science Education.!. XXIX, March, 1945, pp. 100-105; Apri ~ 
May, 1945, pp. 15~-163. . 
for a principle were established for use in this study: 
1. It must be a comprehensive generalization which 
resumes the widest possible range of facts with-
in the domain of facts with which it is directly 
concerned. The facts resumed in the general-
ization must denote: 
a. Objects and/or events and the relation 
between them. 
b. Properties. 
2. It must be scientifically true. To satisfy 
this criterion: 
a. It must be verifiable; i.e., it must be 
stated so that it suggests, directly or 
indirectly, a definite operation of 
observations or experiments whereby its 
truth value can be tested or verified. 
b. It must be consistent with the body of 
accepted scientific knowledge, and 
except for a few limiting or singular 
exceptions, with all the data (facts) 
relevant to it. 
9 
In determining a defensible list of 300 principles related 
to the field of biologic~l sciences, Martin aided in solving 
turther the problem set forth by the Thirty-First Yearbook 
Committee. Martin employed the same reliable technique used 
previously by Wise. Since Wise had already made a defensible 
list of principles related to the field of physical science, 
this list of principles related to the field of biological 
science completed the problem of establishing certain principles 
of science to be used as goals of instruction for general 
education at all grade levels. 
To find out those science principles which should become 
the knowledge objectives of the general science course, 
10 
Fleish1 made a survey based .upon the scientific interests of 
pupils in grades 7-12 in four Massachusetts communities. A 
list of 60 principles was formulated from the many questions 
submitted by the pupils. Ten textbooks of general science 
were then scrutinized to find out which of the 60 principles 
were included in them. It was found that while most of the 
textbooks did give some space to most of the listed principles, 
the principles were not stated in clear and concise language. 
In a study to determine the principles of science found 
in textbooks written since publication of the Thirty-First 
Yearbook, Jones2 analyzed seven textbooks of general science 
written specifically for the ninth grade level of general 
education. A list of 146 principles satisfying the following 
criteria was made: 
1. 
2. 
A principle is a comprehensive generalization which: 
Is stated positively and definitely. 
Is true but with rare exceptions within 
the limitations set up by the 
statement. 
Clearly states or implies a dynamic 
process or interaction. 
Is demonstrable experimentally. 
Is not merely a definition or a des-
cription. 
Does not deal with specific substances 
or varieties. 
Has .meaning outside of the context. 
Sylvia Fleish, The Formulation of the Science Principles 
That Should Become the Objectives of General Science 
Teaching in the Junior High School. Unpublished master's 
thesis, Boston University, 1945. 
Ruth v. Jones, A Study of the Principles of Science Found 
in Ninth Grade Textbooks of General Science. Unpublished 
master's thesis, University of Michigan, 1946. 
II 
11 
Jones' study states that authors of textbooks have not 
seen the proven value of organizing the subject matter in terms 
I of principles. It was also found that there is a wide diver-
sity in the number of principles found in the various text-
books. There is, furthermore, little or no agreement among 
authors regarding what principles should be included in a 
ninth-grade textbook of general science. 
SURVEY OF IMPORTANT RESEARCH STUDIES PERTAINING TO THE 
EFFECTIVENESS OF TEACHING PRINCIPLES IN TERMS 
OF TEE RETENTION OF LEARNING 
To determine the relative retention by pupils of factual 
knowledge, their ability to explain daily happenings, and 
their ability to generalize from facts, a battery of three 
tests was 'given to a group of ninth-grade pupils four months, 
and again twelve months, after they had completed a course in 
general science. One test required knowledge of scientific 
facts; a second test necessitated explanations of commonly 
seen phenomena; a third test sought the pupils' ability to 
lgeneralize from given facts. The findings in this study show 
that, although there was considerable loss in information re-
garding science, there was practically no loss in ability to 
explain the phenomena that arise every day and the ability to 
generalize from facts.l 
1. Ralph W. Tyler, "What High School Pupils Forget," Education-
al Research Bulletin, Ohio State University, IX, November 
19, 1930, pp. 490-492. 
12 
In a study made by Johnson1 at the University of Minnesota 
an objective type test was given to three groups of elementary 
botany students at the end of three, fifteen, and twenty-seven 
months, respectively, following completion of the course. Re-
sults of these tests show that there is a huge loss in factual 
knowledge between the three and the fifteen month period, while 
there is a very gradual loss after the fifteen months. 
Wert2 made a study at Ohio State University in which six 
tests were given to all the students in the elementary zoology 
classes to determine their retention of certain knowledge, 
abilities, and skills. In May of each of the following three 
years similar tests were again administered to those students 
who had taken the elementary course but who had not continued 
in the field of zoology to determine the amount of learning 
that had been retained at the end of one, two, and three years 
following completion of the course. The results of this study 
indicate that whereas there is a great loss in factual know-
ledge, with the loss increasing with the passage of each year, 
there is, however, no loss in the ability to apply principles 
in solving new problem situations and, furthermore, this 
ability increases with the passage of time. 
1. Palmer o. Johnson, "The Permanence of Learning in Elemen-
:tary Botany,'' The Journal of Educational Psychology, XXI, 
January, 1930, pp. 37-47. · 
2. James E. Wert, "Twin Examination Assumption," Journal of 
Higher Education, VIII, 1mrch, 1937, pp. 136-140. 
13 
An investigation concerning 82 students taking the course 
in elementary zoology at Ohio State University was made to 
determine their relative retention of learning. It was dis-
covered that fifteen months after the students had completed 
their course they had forgotten much of the factual knowledge 
while for the same period of time their ability to apply 
scientific principles to new situations had grown. 1 
A study made at three high schools in Ohio in 1934-35-36 
w~s to find out the amount of retention of certain knowledge, 
abilities, and skills acquired from studying a c curse in high 
school chemistry. Five tests were given to the <.chemistry 
classes as pre-tests at the beginning of the course. The tests 
were again administered nine months later at the end o:f the 
course, and again twelve months later. The tests required 
knowledge of chemical facts, terminology, formulas and valence, 
symbols, balancing equations, and application of principles. 
The results reported by Frutchey2 show that the greatest amount 
of retention was in the application of principles. 
SURVEY OF IMPORTANT RESEARCH STUDIES PERTAINlliG TO THE 
DETERMINATION OF EXPERIMENTS TO BE USED FOR 
DEVELOPING PRINCIPI.ili!S OF SCIENCE 
Both Wise and Martin have stated as parts of their eri te-
ria for a principle that a principle must be capable of ·demon-
1. 
2. 
Ralph w. Tyler, "Permanence of Learning~". JoMinal of Hi~er Education, IV, April, 1933, pp. G04-2 • --
F. P. Frutchey, "Ret.ention in High School Chemistry," 
Educational Research Bulletin, Ohio State University, XVI, 
February, 1937, pp. 34-37 
. I 
stration. There have, however, been no research studies to 
determine experiments which may be used in developing the 
various principles of science at different grade levels of 
general education. 
SUMMARY OF RESEARCH STUDIES 
14 
A review of the foregoing investigations and surveys shows 
that scientific principles and generalizations are recognized 
and justified as objectives of science teaching at all grade 
levels for general education. 
Downing, at the University of Chicago, appears to be the 
person to be credited with the first emphasis on generalizations' 
as goals for science instruction in general education. His 
wo.rk also produced a rapid shift from mere factual learning 
as an end in itself to the use of facts as a means to an end, 
the end being the formulation of generalizations which can be 
used in solving new problem situations. 
Curtis, at the University of Michigan, ought to be given 
much credit for the leadership given Robertson, Wise, and 
Martin who have done the greatest amount of work in establish-
ing the essential principles that should be of value to science 
instruction at all levels of general education. Robertson's 
work in 1934 was to be the sroundwork for Wise and Martin in 
gathering their defensible lists of physical science principles 
and biological science principles, respectively. 
These two exhaustive investigations have established a 
definite concept of a principle since they used similar ari ter:ia. 
15 
========~========================================================== *======== 
in finding out the scientific principles of all fields of 
science taught in general education grades 1-14, inclusive. 
llie studies made by Tyler, Johnson, Wert, and Frutchey 
give enough evidence that the old idea of:tacts as an end in 
themselves can be no longer justified since facts that are 
not related to principles are soon forgotten. Progressive 
educators must shift their emphasis to the teaching of facts 
only as a means of developing scientific principles to be 
used in solving new problem situations. 
TEE PROBLEM OF THIS INVESTIGATION 
This investigation is undertaken in an attempt to 
determine what principles of science are found in four ninth-
grade textbooks of general science, published or revised 
since 1940, other than those textbooks analyzed by Jones at 
the University of Michigan, as a contribution toward the 
determination of the principles of science found in all text-
books of general science with a copyright date later than 
1940. It is further undertaken in this investigation to 
make a defensible assignment to the principles, found in the 
four textbooks analyzed, of the experiments, the performance 
of which should help pupils of the ninth grade develop an 
understanding of the principles. 
16 
STA'mMENT OF TEE IROBLEM 
This investigation is made to determine the principles 
and experiments or biological and physical science round in 
four ninth-grade textbooks of general science and the defensi-
ble assignment to these principles of the experiments, the 
performance of which should help pupils of the ninth grade 
develop an understanding of these principles. 
SCOPE AND LIMITATIONS OF THIS INVESTIGATION 
This investigation is limited to the analysis of four 
textbooks of general science written specirically for the 
ninth grade and with a copyright date not later than 1940. 
Only those principles found in these four textbooks will 
be used in this investigation even though the possibility exists 
that there may be other principles suitable as goals of in-
struction at the ninth-grade level. 
Only those experiments found in the same four textbooks 
will be assigned to principles. 
- ---------"--~--
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CHAPTER II 
METHOD OF TEE RESEARCH 
STATEl\JIENT OF THE PROBLEM 
The problem of this tart of the investigation is to deter-
mine the principles of physical and biological science found in 
four ninth-grade textbooks of general science published or re-
vised since the year 1940. 
TECHNIQUES EMPLOYED 
Criteria for Selection of Textbooks to be Analyzed. 
The purpose of selecting the textbooks of general science 
for use in this investigation was greatly simplified by a class 
of fifteen science teachers in a Seminar in Science Education 
at Boston University, 1946-1947. It was decided that the 
following criteria be used as a basis for the selection of 
textbooks to be analyzed. 
The textbooks must have been: 
1. Published or revised since the year 1940. 
2. Published by a well known publishing house. 
3. Written specifically for use at the ninth-grade 
level of general education. 
4. Available for use at the time the investigation 
was started. 
The following textbooks selected are listed below; all 
further reference to them will be made according to the number 
which corresponds to their position on the list. 
18 
The books selected were: 
1. 
2 .. 
Science On The March, John A. Clark, Fredrick L. Fitz-
patrick, land Edith L. Smith, Boston: Houghton .Mirrlin 
Company, 1946. 
' 
~very Da~ Problems in Science, Wilbur L. Beauchamp, 
ohn c. ayfiel~and JoeY. West, Chicago: Scott, 
Foresman and Company, 1946. 
Understanding the Universe, Franklin B. Carroll, 
Frank A. Rexf'ord, and Henry T. Weed, Chicago: The 
John c. Winston Company, 1943. 
Tours Through The World of Science, William T. Skill-
ing, New York:~cGra.w-Hill Book Company, 1941. 
Criteria for the Selection of Principles From Textbooks. 
It is considered by ·this investigator that Harold E. 
Wise's1 list of 264 principles of physical science and William 
E. Martin's2 list of 300 principles of biological science are 
the best available lists of such principles• Hence, scientific 
generalizations for purposes of this study are principles of 
science only if they are submitted as a comprehensive general-
ization, as found in either of the lists of scientific prin-
ciples for purposes of general education of the above-mentioned 
investigations. Therefore, a set of criteria for the choosing 
of principles from textbooks had to be set forth. Blanchet's3 
1. Harold E. Wise, A Determination of the Relative Importance 
of Principles of Physical Science for General Education, 
Unpublished Doctor's dissertation, University or Michigan, 
1941. . . 
William E. Martin, A Determination of the Principles of the 
H~~~~fi~~;asB~~¥g~~ s oai~~~~~fig~, f&iv~r~1~ct'~'ar~~o~~44. 
Waldo E. Blanchet, A Basis for the Selection of Course 
Content for Survey Courses in the Natural Science, Un-
published ·noctor's dissertation, University of Michigan, 
1946, p. 118. . 
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investigation in 1946 developed four criteria for use in 
selecting principles from textbooks for use at the junior-
college level of general education, thus, his criteria called 
for complete statements of the various principles. It is a 
generally recognized fact that general principles in order to 
respond to the various grade levels, must be initially pre-
sented in a general manner, and developed and be more specifi-
cally enlarged at the higher grade levels, then parts of the 
principles would in certain instances be suitable at ninth-
grade levels. To this end, for purposes of justifying our 
selection of principles of science from textbooks of general 
science for grades seven through nine, inclusive, a class of 
fifteen teachers of science under the guidance of Assistant 
~rofessor Miles, formulated in a seminar in science education 
at Boston University, 1946-1947, a modification of Waldo E. 
Blanchet's criteria to read as follows: 
A statement is considered to be that of a particular 
principle: 
1. If it expresses completely the idea embodied in 
the original statement of the principle in Wise's 
or Martin's list; or 
2. If, though it does not state all of the elements 
of the principle, it is implied by the author or 
authors as being the said principle; or 
3. If it unmistakably implies the principle and can 
be reworded so that the principle is stated; or 
4. If, though it does not state the principle in 
full, it can be combined justifiably with another 
statement in the same paragraph or section, which 
~ogether state the principia or can be reworded 
to do so. 
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METHOD OF ANALYSIS OF TEXTBOOKS FOR PRINCIP:LES 
A list of both Wise's 264 Physical, and Martin's 300 
Biological principles had to becatalogued before the textbooks 
could be analyzed by the investigator, thus eliminating the 
need of searching the entire list whenever a principle was dis-
covered. Topic headings were selected for grouping together 
the physical principles from Wise's list of 264 principles of 
relative importance. 
Hence, each principle in Wise's list was placed under the 
topic heading to which it was related. 
Physical Science topic headings are: 
1. Air and Other Gases (including pressure) 
2. Water and Other Liquids 
3. Ma. t ter and Energy 
4. Heat and Fire 
5. Sound 
6. Light 
7. ~~gnetism and ~lectricity 
8. Earth's Surface 
9. Astronomy (including gravitation) 
10. Weather and Climate 
In a simi+ar manner topic headings of Martin's 300 Bio-
logical principles were selected, and principles related to 
the topic headings were placed under one of the following 
topic headings: 
1. Environment (adaptations for survival) 
2. Reproduction (including breeding) 
3. Health 
4. Conservation 
5. Foods and Energy (including growth) 
6. Functions of Living Things 
7. · Evolution 
8. Green Plants 
9. Structure of Living Things 
Now with the classification of the major principles of 
science, and with an understanding criteria for selection of 
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a principle from the textbooks established, the four textbooks 
were carefully analyzed, paragraph by paragraph, to determine 
the principles found in them. As soon as a principle was dis-
covered, it was written on a 4" x 7" file card with the book 
number written on the top left-hand corner, and the page num-
ber written on the top right-hand corner. \Vhenever a principle 
appeared scattered in parts throughout the paragraph, they were 
paraphrased while the other principles were copied word for 
word out of the textbooks analyzed. 
In addition to this, each generalized statement, selected 
as being a principle or part of the principle, was underlined 
in red in each textbook. However, if the principle appeared 
later in the same book or in one of the other books, the page 
and the book number were again recorded on the file card on 
which the principle was written. Thus, in each case, the _ 
statement selected as being a principle or a part of a prin-
ciple was underlined in red in the book where it appeared. In 
this manner a group of file cards was set up with one principle 
per card, the total number of books containing the principle, 
the number of the page or pages on which it was found, and the 
respective books. In many cases the whole major principle as 
stated by Wise or Martin was not discovered in the textbooks. 
Instead, only parts of the major principle were discovered. 
These parts of science principles were considered by the in-
vestigator as being minor principles. Principles in Wise's 
and Martin's list are considered in the study as major prin-
ciples by the investigator. 
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Index ~ Coefficient Q! Reliability ~ the Selection of Prin-
ciples ~Textbooks. 
In twice analyzing one hundred pages from Book I, it was 
found that 69 principles were common to both analyses. In the 
second analysis two principles were determined which were not 
determined during the first reading, and one principle was 
determined in the first analysis which did not appear in the 
second analysis. 
Index of Reliability = A 
Where A is the number of principles common to both analy-
ses; B is the number of principles found to appear only in the 
list resulting from the first analysis, and C is the number of 
principles found to appear only in the list resulting from the 
second analysis. The following results were obtained: 
From the Formula above. 
Index of Reliability = or 95.83 per cent 
The validity of the investigator's judgment was very high. 
The investigator's judgment in determining the Index of 
Reliability in the selection of principles from the four ninth-
grade textbooks were validated by rereading 100 pages selected 
at random from one of the textbooks, fifty days after the first 
analysis was completed. This method was similar to one used 
by Robinson, Wise, and Martin, all from the University of 
Michigan. 
Book I was selected for the recheck, since it was the 
first book to be analyzed by the investigator. 
23 
Original results of Book I produced 69 principles, both 
physical and biological sciences, in the entire textbook. 
Criteria for the Statement of ~Principle for Comprehension at 
the Ninth-Grade Level 
In a Seminar in Science Education at Boston University, 
1946-1947, a group of fifteen science teachers set up the five 
following Criteria for the Statement of a Principle for Com-
prehension at the Ninth-Grade Level, to be used in this in-
vestigation. 
Tb be a scientific principle for comprehension at the 
ninth-grade level, a statement: 
1. Must be a comprehensive generalization or a 
part of a comprehensive generalization. 
2. Iviust be true without exception within the 
limitations specifically stated. 
3. Must not be a definition. 
4. Must be demonstrable experimentally. 
5. Must not deal with specific substances. 
All principles other than similar ones found in the four 
books analyzed, so stated as to meet the above five criteria 
of a principle, were assigned to the proper related major 
physical science principles in Wise's list of 264 or in Martin.\3 
list of 300 major biological principles of science. 
I 
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Validation of the Statements of Principles from Com~ehension 
at the Ninth-Grade Level and of the Assignments of ose Prin-
OipieS to Major PrinciEles of PhYSfcal Science and/or Biological ~ 
Science · 
Vaden Miles, Assistant Professor of the teaching of scienc 
at Boston University, 1946-1947, a recognized specia+ist in 
science teaching, determined the validity of the statement or 
principles round in the ninth-grade textbooks analyzed by the 
investigator, and in the allocation of these principles to 
major principles, of Wise's list or Martin's list. All prin-
ciples were checked by this specialist ror: 
1. conrormability to the rive criteria established 
for the statement of a principle. 
2o comprehension of the ninth-grade level. 
3. correct assignment to the related major principles 
or principles in Wise's or Martin's list. 
Any statements which did not measure up to the established 
criteria were omitted from the final list of principles. Ir, 
due to unclear expressions any principles were beyond the level 
or understanding or the ninth-grade level, Miles reworded or 
clarified the principle in order to make it understandable for 
that particular level. 
Furthermore, any principles wrongly assigned by this in-
vestigator were re-judged and correctly assigned to the related 
major principles in Wise's or Martin's list. 
Table I is a list of the various major principles round 
in Wise's and Martin's lists. Complete principles found in 
rour ninth-grade textbooks are recorded as major principles, 
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and parts of the complete or major principles are recorded as 
minor principles. 
In Table I, all the major principles found in whole or in 
part in the analysis have been stated with related minor prin-
ciples so found included under them. Credit was given a par-
ticular textbook only for that part of a principle which was 
included in it. 
Each textbook was given a number which corresponded to 
its position, for example: 
(1) represents Book 1, or title, Science on the ~~rch. 
(2) " " 2, " " Everyday~roblems in Science. 
(3) represents Book 3, or title, Understanding the 
Universe. -(4) represents Book 4, or title, Tours Thr O!!Bh the World 
Q!. Science. 
Shown in Table I for each major principle or each related 
minor principle found in four ninth-grade textbooks of general 
science are: 
The textbook in which the principle appeared marked (x), 
and (T) the total number of books containing the major or 
minor principle. 
TABLE I 
MAJOR AND ~K.INOR PRINCIPLES OF SCIENCE FOUND 
IN FOUR NINTH-GRPJm TEXTBOOKS OF 
GENERAL SCIENCE 
Principles of 
Physical Science 
Books in which 
principles occurred 
AIR AND OTHER GASES 
The pressure at a. point in any fluid 
is the same in all directions. 
*Air pressure is exerted in all 
directions. 
MOst bodies expand on heating and 
contract on cooling; the amount of 
change depending upon the change in 
the temp era ture • 
Gases expand when heated and 
contract when cooled. 
Solids, liquids and gases expand 
when heated and contract when 
cooled. 
The atmospheric pressure decreases as 
the altitude increases. 
The pressure of the atmosphere 
becomes less as the distance 
above the earth's surface becomes 
1 2 3 4 Tbtal 
X X X 3 
X X 2 
X X 2 
X X 2 
greater. x X 2 
*Table I is read thus: The principle "Air pressure is 
exerted in all directions" is a minor principle of the major 
principle formulated by Wise and to which the minor principle 
is assigned. It was found at least once in each of the text-
books 1, 2, and 3, but did not appear in book 4. The total 
number of times the principle appeared in the four textbooks 
was 3. 
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TABU: I {continued) 
Principles of 
Physical Science 
Air near the earth's surface is 
more compressed than the upper 
air. 
Air pressure decreases with 
height; air pressure is not the 
same in all places. 
Heat is liberated when a gas is com-
pressed, and is absorbed when a gas 
expands. 
When air is compressed, it is 
heated. When air expands, it 
becomes cooler. 
The solubility of a gas in an inert 
solvent varies directly with the 
pressure to which the gas is sub-
jected. 
The greater the pressure the 
more gas will be dissolved by a 
liquid. 
If the same pressure is maintained, 
the volume of a gas is varied direct1y 
as ·the absolute temperature. 
When a molecule is heated, 
molecules are driven further 
apart and the volume is in-
creased. 
The volume is made smaller not 
by compressing the particles 
themselves, but by forcing them 
together. 
WATER AND OTHER LIQUIDS 
A body immersed or floating in a fluid 
is buoyed up by a force equal to the 
Books in which 
principles occurred 
1 2 3 4 Total 
X X 2 
X X X 3 
X 1 
X 1 
X 1 
X . 1 
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TABLE I 
(continued) 
Principles of 
Physical Science 
weight of the fluid displaced. 
A body put into water loses a 
weight equal to the weight of 
the water which it displaces. 
The pressure in a fluid in the open is 
equal to the weight of the fluid above 
a unit area including the point at 
which the pressure is taken; it there-
fore varies as to the depth and 
average density of the fluid. 
The pressure under water becomes 
greater as the distance below 
the surface becomes greater. 
When pressure is applied to any area 
of a liquid in a closed container, 
it is transmitted in exactly the same 
intensity to every area of the 
container in contact with the liquid. 
Books in which 
princinles occurred 
1 2 3 4 Total 
X X X X 4 
X X 2 
X X X 3 
vVhen a force is applied to a 
given area of a liquid confined 
in a vessel, that force is trans-
mitted undiminished to every 
equal area in the vessel; the 
pressure exerted by the liquid is 
always at right angles to the 
walls of the containing vessel. x 1 
Any homogeneous body of liquid free to 
take its own position, will seek a 
position in which all exposed surfaces 
lie on the same horizontal plane. 
Water seeks its own ~el. 
MATTER AND ENERGY 
All substances are made up of small 
particles called molecules which are 
X X 2 
28 
TABLE I 
(continued) 
Principles of Books in which 
29 
Physical Science principles occurred 
1----------------------------------~l~-2~~3~~4+-~T~o~t~a~l-
alike in the same substance (except 
for variations in molecular weight 
due to isotopes) but different in 
different substances. 
All molecules of the same kind 
of matter are alike. 
Every substance is composed of 
very small particles called 
molecules. 
All matter is made up of protons, 
neutrons and electrons. 
All materials, things in the 
world are made up of the 
elements in one combination 
or another. 
All matter is made up of ver y 
11 ttle particles called atoms. 
The average speed of molecules in-
creases with the temper~ture and 
pressure. 
All molecules are constantly 
moving in all directions. 
The work obtained from a simple 
machine is always equal to the work 
put into it less the work expanded 
in overcoming friction. 
In any machine, the greater the 
distance the forces moves as 
compared with the distance the 
weight moves the greater is the 
mechanical advantage. 
The amount of work obtained from 
a machine is never greater than 
X 
X 
X 
1 
X X X 4 
X 1 
X 1 
X X 2 
X X X 4 
TABLE I 
(continued) 
Principles of 
Physical Science 
the amount of work put into it, 
and . the amount of useful work 
obtained from a machine is as 
great as the amount of work put 
into it. 
The energy which a body possesses on 
account of its position of for.m is 
called potential energy and is 
measured by the work that was done 
in order to bring it into the speci-
fied condition. 
Every object at rest tends to 
stay at rest until :rooved and 
every object in motion tends 
to remain in m:>tion until 
stopped. 
The am::nmt of heat developed in doing 
works against friction is proportional 
to the amount of work thus expended. 
There is always friction whenever 
work is done. 
In every sample of any compound sub-
stance formed, the proportion by weight 
of the constituent elements is always 
the same as long as the isotopic 
compositions of each element is con-
stant. 
The composition of every pure 
chemical compound is always the 
same. 
Matter may be transformed in to energy 
and energy into matter, the sum total, 
mass plus energy, remains constant. 
Matter can be changed in forms, but 
cannot be created or destroyed. 
Books in which 
~rinciples occurred 
IL 2 3 4 Total 
2 
X X 2 
X X X 3 
X 1 
X 1 
30 
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TABLE I 
(continued) 
31 
1 
__ ___;.,___-----r-~------
Principles of Books in which 
Physical Science principles occurred 
1 2 3 4 Total 
Energy can never be created or des-
troyed, except in nuclear physics; 
it can be changed from one form to 
another with exact equivalence. 
In the lever, the force times its 
distance from the fulcrum equals the 
weight times its distance from the 
fulcrum. 
The product of the force times 
the distance through which it 
moves is the same as the pro-
duct of the resistance times 
the distance through which it 
moves. 
Sliding friction is dependent upon 
the nature and condition of the 
rubbing surf.aces, proportional to 
the force pressing the surfaces 
together and independent of area of 
contact. 
The smootner the surface, the 
less friction there will be 
between it and an object moving 
over it. 
'llie amount of momentum possessed by 
an object is proportional to its mass 
and to its velocity. 
The higher the speed, the greater 
the momentum for objects of the 
same mass. 
Oxidation and reduction occur simul-
taneously and quantitatively equal. 
In many chemical changes some 
compounds are torn down and 
others built up. 
X 
X 1 
X X 3 
X 1 
X 1 
X 1 
TABLE I (continued) 
Principles of 
Physical Science 
Protons and neutrons are found in the 
nucleus of an atom. 
The period of a pendulum swinging 
through short arcs is independent of 
the weight of the bob but varies 
directly as the square root of the 
length and inversely as the square 
root of the acceleration of gravity. 
The rate at which a pendulum of 
a certain length vibrates de-
pends on the force with which 
the earth attracts it. The 
heavier the rock below the more 
it would attract and the faster 
would go the pendulum. 
All atoms have great sub-atomic energy. 
Atoms of all elements are made up of 
protons, neutrons and electrons, and 
differences between atoms of differ-
ent elements are due to the number of 
protons and neutrons in the nucleus 
and to the configuration of electrons 
surrounding the nucleus. 
Atoms are made up of charges of 
electricity, protons plus 
charges and electrons, negative 
charges; the atom has a heavier 
plus charge, lighter negative 
charges, electrons around this 
center. When the atom has an 
equal number of plus and nega-
tive charges the substance is 
said to be neutral. 
Elements may be changed into new 
elements. 
Books in which 
nrincinles occurred 
1 2 3 4 TotaJ. 
X 
X 
X 
X X 
X X X 
1 
1 
1 
2 
3 
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TABLE I 
(continued) 
Principles of 
Physical Science 
HEAT AND FIRE 
----
I The average speed of molecules in-
creases with the temperature and 
pressure. 
Heat causes the air particles 
to move faster and then to 
strike with more force. 
Heat is the energy of the moving 
molecules, the more rapid they 
move the higher the temperature. 
~ach combustible substance has a 
kindling temperature which varies 
with its condition but may be greater 
or less than the kindling temperature 
of some other substance. 
A fuel burns if heated to its 
kindling temperature in the air. 
Vfuen two bodies of different temper-
ature are in contact, there is a 
continuous transference of heat 
energy, the rate of which is directly 
proportional to the difference of 
temperature. 
Whenever t wo bodies having 
different temperature are in 
contact, the warmer body gives 
some of its heat to the colder. 
A change in state of a substance from 
a gas to a liquid, liquid to a solid, 
or vice versa, is usually accompanied 
by a change in volume. 
Most substances can be changed 
from one state to another by 
being heated or cooled. 
Books in which 
principles occurred 
1 2 3 4 Total 
X 1 
X X X 3 
X X 2 
X 1 
X X· 2 
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~ TABLE I (continued) 
I 
Principles of 
1 Physical Science 
Solids are liquefied and liquids are 
vaporized by heat; the amount of 
heat used in this process, for 
given mass and a given substance, is 
specific and equals that given off 
in the reverse process. 
All matter exists as a solid, 
liquid, or a gas. 
All matter has weight and takes 
up space. 
The rate of evaporation of a liquid 
varies with the temperature, area of 
exposed surface and saturation and 
circulation of the gas in contact 
with the liquid. 
Heat increases the speed of 
evaporation. 
Radiant energy travels in waves along 
straight lines, its intensity at any 
!distance from a point source is in-
versely proportional to the square of 
the distance from the source. 
Heat radiates from its source in 
straight lines and in all 
directions. 
Heat is conducted by the transfer of 
kinetic energy from molecule to 
molecule. 
SOUND 
Sound is produced by vibrating matter 
and is transmitted by matter. 
Sound is produced by vibrating 
bodies. 
Books in which 
~rinciples occurred 
1 2 3 4 Total 
X X X 3 
X X X 3 
X X 2 
X 1 
X 1 
X X X X 4 
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T.ABL'E I 
(continued) 
Principles of 
Physical Science 
Sound travels only through 
matter. 
Energy is often transmitted in the 
form of waves. 
Sound travels in waves. 
The motion of any object in the 
air causes air waves which 
spread out in all directions. 
The higher the pitch of a note, the 
more rapid the vibrations of the 
producing body. 
The more rapid a body vibrates, 
the higher is the pitch of a 
note. 
Musical tones are produced when a 
vibrating body sends out regular 
vibrations to the ear while only 
noises are produced when the 
vibrating body sends out iregular 
vibrations to the ear. 
Irregular vibrations produce 
noise; regular vibrations 
produce music. 
The loudness of sound depends upon 
the energy of the sound waves and, 
if propogated in all directions, 
dedreases inversely as the square 
of the distance from the source. 
The intensity of sound depends 
upon the force of vibration of 
the body producing the sound, 
upon the distance, and upon .: . 
the substance which carries the 
sound. 
Books in which 
nrincinles occurred 
1 2 3 4 Total 
X X 2 
X X 2 
X X 2 
X X X X 4 
X l 
X X 2 
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TABLE I I (continued) I
I 
I Books in which 
Principles o-r principles occurred 
Physical Science 1 2 3 4 Total 
Whenever waves strike an object, 
they may either by absorbed, 
transmitted, or re-flected. 
SoUnd waves in the air are 
reflected when they hit a 
cliff or other barriers. X X 2 
When radiant energy strikes 
a body, the energy may be 
transmitted, reflected, or 
absorbed. X 1 
LIGHT 
When light is re-flected, the angle 
of incidence is equal to the angle 
of re-flection. X X X 3 
The intensity o-r illumination de-
creases as the square of the 
distance from a point source. X X X 3 
The colors of objects depend upon 
what light rays they transmit, 
absorb, or re-flect. 
I 
When rays of light strike glass 
some are reflected, some are 
absorbed, and some are tr.ans-
mitted. X 1 
The darker the color of a sur-race, 
the better it absorbs light. 
Light colors absorb less light 
than dark colors. X X 2 
Dark colored objects absorb I heat and light faster than 
light colored objects. X X 2 
I 
I 
I 
TABLE I 
(continued) 
Principles of 
Physical Science 
When light rays pass obliquely from 
a rare to a more dense medium, they 
are bent or refracted toward the 
nonn.al; and when they pass obliquely 
from a dense to a rarer medium, 
they are bent away from the normal. 
Light rays are bent as they 
pass from one transpare·nt 
substance into another of 
different density. 
The dispersion of white light into 
a spectrum by a prism is caused by 
unequal refraction of the differ-
ent wave lengths of light. 
V/hen sunlight passes through 
a prism, the primary colors 
separate, each being bent a 
different amount according to 
its wave length producing the 
spectrum of the sunlight. 
An image appears to be as far back 
of a plane mirror as the object is 
in front of the mirror and is 
reversed. 
Images in a plane mirror are 
erect and reversed. 
In a plane mirror a. line running 
from any point on the object to 
the image of that point is per-
pendicular to the mirror. 
When a ray of light strikes a 
plane mirror perpendicularly, 
it is reflected straight back 
from the mirror. 
Light travel$ in straight lines in a 
medium of uniform optical density. 
Books in which 
nrinciples occurred 
1 2 3 4 -Total 
X X X 3 
X :X: X 3 
X :X: :X: 3 
:X: X 2 
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TABLE I 
(continued) 
Principles of 
Physical Science 
Light travels in straight 
lines. 
Vfuenever an opaque object intercepts 
radiant energy traveling in a par-
ticular direction, a shadow is cast 
behind the object. 
When light strikes an opaque 
object, a shadow is formed 
behind the object. 
I MAGNETISM AND ELECTRICITY 
J!:nergy in kilowatt hours is equal to 
the product of amperes, volts, and 
times (in hours) divided by one 
thousand. 
The number of volts multiplied 
by the number of amperes eq~als 
the number of watts. 
Condenser capacity varies directly 
with the area of the plates and 
inversely as the thickness of tbe 
insulation between them. 
Both inductances and condensers 
increase the time required for 
the electrons to move back and 
forth. 
An electric current may be produced 
in three ways--by rubbing or 
friction, chemical action, and the 
use of a magnetic field. 
A magnet always has two poles and is 
surrounded by a field of force. 
A magnet sets up lines of force 
about the pole of the magnet. 
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Books in which I 
1 _~p.,:r:..:i;:;;n~c~ip~l=-eT=-s~oT-c..;:;c.::;:ur;:::.::rr-=e~d~- !j 1 2 3 4 Total 
X X X X 4 
X X X 3 
X X X 3 
X 1 
X X X 3 
X X X 3 
TABLE I 
(continued) 
Principles of 
Physical Science 
Magnetic energy spreads out in 
all directions from the magnet 
through the space around it. 
Like magnetic poles always repel each 
other and unlike poles alw~ys attract 
each other. 
When a magnet is allowed to 
float freely in water, it will 
turn until it points north or 
south. 
All materials offer same resistance 
to the flow of electric current and 
that part of the electrical energy 
used in overcoming this resistance 
is transformed into energy. 
Vihenever electrical currents 
flow through wires,some of 
the electrical energy is 
changed into heat energy, 
and sometimes some of it is 
changed into light energy. 
vVhen a substance is heated by 
electricity to a sufficiently 
high degree of temperature, 
it glows because a part of 
the heat energy has been 
transformed into light energy. 
All wires carrying an electrical 
current resist the flow of the 
current. 
All energy, whether it is 
mechanical, frictional, chemical, 
electrical, or radiant, produces 
heat when it acts on matter. 
Books in which 
principles occurred 
1 2 3 4 Total 
X 1 
X X 2 
X 1 
X X X 3 
X X 2 
X 1 
X 1 
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TABLE I 
(continued) 
Prine ipl es of' 
Physical Science 
means of high frequency generators 
vacuum-tube oscillators, sustained 
or continuous oscillations can be 
reduced in a condenser circuit. 
eir intensity is rmde to vary with 
audio-frequency currents in a trans-
tter circuit to produce radio 
s. 
High frequency radio waves 
coming through the air must 
be replaced by low frequency 
sound waves to be heard. 
ectrical power is directly pro-
IITV"I'J'OT.ional to the product of the 
tential difference and the 
rent. 
The electrical pressure on a 
body becomes increased when 
the charge on the body is 
increased. 
electrical current flowing in a 
ductor is directly proportional 
the potential difference and in-
rsely proportional to the resist-
e. 
The number of amperes is 
equal to the number of 
volts divided by the number 
of' ohms. 
electric current will flow in the 
external circuit when two metals of 
unlike chemical activity are acted 
by a conducting solution •.• The 
active metal being changed 
gatively. 
All electrical cells change 
chemical ene into 
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X 1 
X 1 
X 1 
X X X 3 
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41 
Books in which 
l)r inciples occurred J-_.....~:;.y:..::::::...:~~r=-~r-::-:=-=:...::::.;:::;___ 1 
I J--------------------------------~~1~~2~~3-4~4~~To~t~~~--ll  electrical energy. x x 2 
I 
Like electrical charges repel, and 
unlike electrical changes attract. 
THE EARTH'S SURFACE 
The earth's surface may be elevated 
or lowered by interior forces. 
The surface of the earth is 
constantly changing. 
The transporting power of streams 
varies approximately as the fifth 
power of velocity. 
When elevations or depressions are 
created upon the surface of the 
earth, the elevations are usu~ly 
attacked by the agents of erosion, 
and the materials are carried to 
depression. 
Running water, wind, glaciers, 
and other agencies are con-
stantly moving soil and rocks 
from higher levels. 
Streams, generally, are lowering the 
surface land _in some places and 
building it up in other places. 
l~·ature uses the same materials 
over and over again, tearing 
down old structures and build-
ing up new structures. 
Rocks may be metamorphased or 
changed by heat, pressure, and 
flexion. 
Rocks may be changed by heat 
And nressure. 
X 
X 
X X X 3 
X X 2 
X 1 
X 1 
X X 3 
1 
TABLE I 
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Physical Science 
Vf.EATBER .AND CLIMATE 
Condensation will occur when a vapor 
is at its saturation point if centers 
of condensation are available and if 
heat is withdrawn. 
When air is cooled sufficiently, I 
the moisture in it condenses. 
The higher the temperature of the air, 
the greater the amount of moisture re-
quired to saturate it. 
If the temperature rises or 
falls, the amount of water 
vapor the air can hold also 
increases or decreases. 
The principal cause of wind and 
weather changes is the unequal 
heating of different portions of the 
earth's surface by the sun; thus all 
winds are convection currents caused 
by unequal heating of different 
portions of the earth's atmosphere, 
and they blow from places of high 
atmospheric pressures to places of 
low atmospheric pressure. 
Air moves from points of 
greater pressure to points 
of lesser pressure, causing 
air currents or winds. 
Whenever air is heated, it 
expands and becomes lighter 
and is pushed upward by the 
greater pressure of the cool 
heavier air around. 
Difference in temperature 
causes difference in pressure 
Books in which 
principles occurred 
1 2 3 4 Total 
X 1 
X X X 
X X X X 4 
X X X 
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TABLE I 
(continued) 
Principles of 
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and these differences in 
pressure cause winds. 
ASTRONO:rvlY 
Movements of all bodies in the solar 
system are due to gravi ta tiona! 
attractions and inertia. 
All bodies of the solar system 
revolve around the sqn. 
All bodies in the universe 
tend to pull all other bodies 
toward their centers. 
The earth and other planets 
revolve around the sun. 
All bodies in the solar system 
are controlled by the sun's 
gravitational attraction • . 
Every particle of matter in the 
universe attracts every other 
particle, and this is known as 
gravitation. 
All bodies are attracted to the 
earth by a force called gravity. 
Bodies in rotation tend to fly out in 
a straight line which is tangent to 
the arc of rotation. 
The tendency for any moving 
object is to go in a straight 
line unless interferred with by 
some force, and the sun's 
attraction for the earth is a 
force which continually draws 
it out of a straight line and 
toward the center. 
Books in which 
principles occurred 
1 2 3 4 Tota_l 
X 1 
X X X X 4 
X 1 
X l 
X X 2 
X 1 
X X X 3 
X X 2 
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I 
Principles of Books in which I 
I 
Physical Science principles occurred 
1 2 3 4 Total 
Any t wo bodies attra ct one another 
with a force which is directly 
proportional to the attracting 
masses and inversely proportional 
to the square of the distance 
between their centers of mass. 
The more matter a body has 
in it the stronger is its 
gravitational force. X X 2 
The force of attraction depends 
on the mass of the attracting 
body and its distance away. 
The attraction becomes less as 
the square of the distance 
becomes greater. X 1 
I 
I 
TABLE I (continued) 
Principles of 
Biological Science 
In the presence of sunlight, the 
chloroplasts of chlorophyll-
bearing plants convert carbon dioxide· 
and water into intermediate sub-
stances, and these into sugar, and 
that into starch, and liberate 
oxygen, thus directly or indirectly 
producing practically all the food 
in the world. 
Green plants produce the 
world's food supply. 
The life of all creatures de-
pends directly or indirectly 
upon food substances provided 
by green plants. 
All living · organisms (except viruses 
and bacteriophage) carry on the 
common life processes: reproduction, 
growth, nutrition, excretion, res-
piration, and irritability. 
Every species of organism is subject 
to certain checks or controls in the 
f'or.m of enemies, and only those 
members that are IJX)St capable of' 
avoiding their anemias survive to 
reproduce new offspring and thereby 
transmit many of their characters to 
thai r of'f spring. 
Those animals and plants which 
possess the characters which 
best f'it them to live success-
fully are the ones which are 
most likely to have offspring 
and thus to pass on their 
useful characteristics to 
succeeding generations. 
Books in which 
principle occurred 
1 2 3 4 Total. 
X X X X 4 
X X 2 
X l 
X X 2 
X X 2 
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From a great number arises a 
struggle :for existenc~ and 
the struggle results in the 
survival o:f the :fittest; thus 
the new kinds o:f plants and 
animals in nature arise by 
natural selection. 
Protoplasm is the physical basis o:f 
all life. 
Every cell consists essentially of a 
mass of protoplasm which is usually 
differentiated into a central por-
tion, the nucleus, and an outer 
portion, the cytoplasm. 
All cells are made up of 
protoplasm. 
A cell is made up of cytoplasm, 
nucleus, cell membrane, a cell 
wall, wastes, and food. 
There are no living chemical com-
pounds; life is a property of the 
coordinated association of the 
differ ent organic and inorganic 
substances which make up proto-
plasm. 
Protoplasm contains carbohy-
drates, fats, proteins, and 
other substances. 
Protoplasm is built only by proto-
plasm and every cell c om.es from a 
cell. 
Only protoplasm can produce 
more protoplasm. 
Th~ _2ell is the unit of structure 
ana I'unction in all or_g_anisms. 
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Books in which 
principles occurred 
1 2 3 4 Total 
X 1 
X X X 3 
X X X 3 
X X X 3 
X 1 
X X 2 
X 1 
X X X 3 
TABLE I 
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The food requirements of every living 
thing are: fuels capable of yielding, 
when oxidized, the supply of energy 
without Which life cannot continue, 
materials for growth and for re- " 
placement for the slight wearing away 
of the living tissue involved in any 
activity, minerals, the necessary 
constituents of cell structures of 
cell products and of the bathing 
fluids of cells. 
In both plants and animals, foods 
furnish na terials for work, 
Books in which 
principles oc curred 
1 2 3 4 -Total 
growth, and r epair • x 1 
Oxygen is used to oxidize mate-
rials in the cell and thus 
release energy for work and 
repair. 
A balance in nature is maintained 
through interrelations of plants and 
I 
animals with each other and with 
physical environment . 
. All living things are dependent 
upon one another. 
Osmosis, the diffusion of molecules 
of a solvent (usually water) through 
a semi-permeable membrane (a layer 
of cells or the membrane of a single 
cell) from the point of higher con-
centration of the solvent to a 
point of lower concentration with a 
stoppage of the flow of molecules of 
the solute, is a basic process in 
plant and animal physiology. 
Liquids pass from cell to cell 
by osmosis. 
X X 2 
X 1 
X X X 3 
X 1 
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All life comes from preceding life. 
I 
Digestion accomplishes two things; 
it makes food soluble in water, thus 
enabling the nutrients to pass 
through membranes and thereby reach 
and enter the cells; it reduces 
I complex nutrients (fats, proteins, and carbohydrates) to simple build-
ing materials, which in turn can be 
rebuilt into whatever living 
material or structural feature is 
necessary at the place of use. 
In digestion, complexed foods 
are broken down into simpler 
compounds. 
As long as life continues in any 
organism, energy is being released. 
There can be no life activity 
without energy. 
Water is essential to all living 
things because protoplasmic ac-
tivity is dependent upon an 
adequate water supply. 
Water makes up a large part of 
all living things. 
Living things are fully 
dependent upon water. 
Asexual reproduction in organisms 
may be brought a bout by fission 
(simple division), by external or 
internal building, or by sporu-
lation. 
As:&xual reproduction, new 
individuals are produced by 
Books in which 
principles occurred 
1 2 3 4 ~ta.L 
X 1 
X 1 -
X 1 
X 1 
X X X 3 
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TABLE I 
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Principles of 
Biological Science 
the division of the original 
individual into two small 
individuals. 
Regeneration is almost universal 
among living things; from the 
simple to the more complex animals, 
the abilities to regenerate lost 
parts and to reproduce asexually 
fall off gradually and independ-
ently as the body becomes more 
specialized. 
Regeneration is an important 
process in nature; all living 
things have some capacity to 
do this, although more so 
among the simpler forms of 
life. 
Living things reproduce offspring 
which possess the genes of their 
ancestors, though these offspring 
do not necessarily resemble any 
one of these ancestors. 
The new individual resembles 
both parents in general, but 
is verj different from each 
because it carries in its 
body the characteristics of 
both. 
The less the amount of parental 
care given to the offspring, the 
greater is the need for the animal 
to be prolific. 
The higher animals protect and 
care for their young until the 
latter are able to take care 
of themselves. 
· Books in which 
principles occurred 
1 2 3 4 Total 
X X 2 
X 1 
X X 2 
X X X 3 
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II 
I 
Prine iples of Books in which 
:, Biological Science princiPles occurred 1 2 3 4 'lDtal 
II 
11 In the cross of the F2 generation 
1
, of hybrids, the genes which deter-
1 mine the characters are segregated 
11 in the gametes so that a certain 
per cent of the offspring possess 
I the dominant character alone, a 
certain per cent the recessive 
character alone, while a certain 
per cent are again hybrid in nature. 
Vfuen purebreds are mated w.ith 
purebreds of another kind, the 
offspring are hybrids with the 
characteristics of the dominant 
parent, and the recessive 
character being present but 
hidden. X X 2 
When individuals of the first 
hybrid generation are mated 
with hybrids of the s ame kind , 
half of their descendents will 
be hybrids, one-fourth will be 
pure with respect to a domi-
nant character, and one-fourth 
will be pure with respect to 
the recessive character. X 1 
In sexual reproduction a male cell 
from one parent unites with a female 
cell from the other parent to 
produce the young (except in the 
few cases of self-fertilization) . X l 
In all organisms, the higher the 
organization the greater the degree 
of differentiation and division of 
labor and of the dependence of one 
part upon another. X X X 3 
I 
Decomposition of the carbon com-
pounds of organisms provides a 
replenishment of carbon in the 
' 
TABLE I 
(continued) 
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Biological Science 
atmosphere in the for.m of carbon 
dioxide. Thus carbon is con-
tinually subjected to a series of 
cyclic changes from living to non-
living substances. 
The pressure of layers of 
rocks above has changed the 
plants into coal by driving 
out the gases and leaving 
the . carbon. 
The oxygen of the atmosphere is 
removed by animals and returned 
by chlorophyll-bearing plants. 
Turgor in cells is maintained by 
osmotic pressure; cell membranes 
are semi-permeable with respect 
to water and the substances dis-
solved in it, and the concentration 
of salts is higher within the cell 
than outside; the entrance of water 
into the cell is accomplished mainly 
by osmosis. 
If the composition of the 
liquid within a cell is 
different from the composition 
of the liquid on the other side 
of its membrane, osmotic pressure 
results, and the molecules begin 
Books in which 
principles occurred 
1 2 3 · 4 Tota:J.. 
X X 2 
X 1 
to diffuse • x 1 
Carbon and nitrogen are the basic 
elements in the protoplasmic com-
pounds. 
Proteins are the bulk of 
living, active protoplasm. 
Carbon makes up a 1 arge part 
of all living things. 
X 1 
X 1 
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Cells are organized into tissues, 
tissues into organs, and organs 
into systems, the better to carry 
on the functions of complex 
organisms. 
New kinds of living things have 
arisen through mutation. 
All gradations of association occur 
in intimate association between 
organisms, from those which are 
mutually beneficial to the individ-
uals concerned (symbiosis) to those 
in which one member secures all the 
advantage at the expense of the 
other (parasitism). 
There are some plants and 
animals that live at the 
expense of other plants and 
animals. 
New types of living things arise 
through variations in previously 
existing kinds. 
Variations in living things 
caused by the union of the 
egg and sperm of parents 
which are not exactly alike. 
'llie present is the key to the· past; 
the succession of fossils in the 
rocks show a progressive series 
from simple to complex. 
Fossils are evidences of past 
life upon this earth. 
Reproduction is a fundamental I biological process that provides 
for the continuance of llfe on the 
Books in which 
principles occurred · 
1 2 t3 4 ~ota.l 
X 1 
1 
X 1 
X 1 
X X X 3 
TABLE I 
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earth by providing new individuals. 
Living things reproduce their 
kind. 
Reproduction continues the 
species. 
Cell division is the essential 
mechanism of reproduction, of 
heredity, and to a large extent, 
of organic evolution. 
Cell division is the bas is for 
repair and growth. 
Species can and do become extinct, 
but they usually live on far ages 
in spite of the death of indi vi d-
uals. 
Reproduction of a species must 
be successful; if not, the 
species will cease to exist. 
Starches, fats, and proteins are 
produced by plants, and it is 
1 upon these that all animals depend 
primarily for food. 
Carbohydrates and fats are 
used in the body to produce 
heat and energy. 
Each species of living organism is 
adapted, or is in the process of 
becoming adapted, to live where it 
is fotmd. 
Those organisms which cannot adjust 
themselves to their environment lose 
out in the struggle for existence. 
Books :in which 
princlples occurred 
1 2 3 4 Tota.L 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
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All living things must fit into 
their envirqnment or die. 
A balance in nature is maintained 
through interrelations of plants 
and animals with each other and 
with physical environment. 
Nature supplies the bare ne-
cessities of life. 
Food, oxygen, certain optional con-
ditions of temperature, moi'sture, 
and light are essential to the 
life of most living things. 
All living things need food, 
air, and water to live. 
The environment acts upon living 
things, and living things upon 
their environment. 
In many ways plants and 
animals change their en-
vironment. 
All plant and animal life, along 
with the climate and varying 
weather play an active part in 
helping to form and to change the 
soil. 
Plants and animals change the 
soil, thus soil is in a 
constant state of change. 
Life, as we know it, is dependent 
upon complex chemical compounds of 
carbon, nitrogen, hydrogen, oxygen, 
and other elements. 
54 
Books in which 
principles occurred 
1 2 3 4 Total 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
TABLE I 
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The energy which makes possible the 
activity of m:>st living things 
comes at first from the sun and is 
secured by the organism through the 
oxidation of food within its body. 
The sun is the source of almost 
all the energy available on 
earth. 
The biological functions of color 
are to conceal, to disguise, or to 
advertise. 
Protective coloration reflects 
light or color similar to its 
environment. 
55 
Books in which 
principles occurred r-1~~2~~3~~4~~~~o~ta~t~l--
X X X X 4 
X 1 
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Findings: 
The total number of different major principles (physical 
principles and biological} found in the four textbooks was 
118. Of these, 74, or 62.71 per cent, are principles of 
physical science, and 44, or 37.28 per cent, are biological 
principles. The frequency of occurrence of principles of the 
physical science varied from 32 to 76 in the four textbooks .; 
of biological science from 9 to 37. The average frequency 
of occurrence of principles of physical science per book was 
51.5 principles; of biological principles per book, 22. The 
frequency of occurrence of principles (physical and biological) 
varied from 53 to 106 in the four boolG for an average of 
73. 5 per book. 
I, 
CHAPTER III 
METHOD OF RESEARCH 
STATID~NT OF THE PROBL~I 
57 
The problem of this part of the investigation is to deter 
mine the experiments of physical and biological science found 
in four ninth-grade textbooks of general science published or 
revised since the year 1940 and to assign to these science 
principles the experiments, the performance of which should 
aid pupils of the ninth-grade level to develop an understanding 
of the principles. 
TECHNIQUES EMPLOYED 
Criteria for Selection of "Experiments from Ninth-Grade Text-
Books 
Since there were no set criteria for the selection of 
experiments from texts to be used in developing principles of 
science at the ninth-grade level for general science, criteria 
had to be formulated in order to make it possible to select 
experiments from the same four textbooks of general science 
previously used. A group of science teachers, · under the 
guidance of Assistant Professor, Vaden Miles, in a Boston 
University Seminar in Science Education, 1946-1947, chose the 
following criterion to be used in the selection of experiments 
from ninth-grade textbooks: 
To be an experiment there must be directions, either 
specific or implied, for the manipulation of apparatus or the 
observation of material in order to answer a question of science. 
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METHODS FOR ANALYZING TEXTBOOKS FOR EXPERIMENTS 
In order to determine the experiments found in the four 
textbooks already chosen, these were once again analyzed para-
graph by paragraph. As an experiment was found which adhered 
to the criterion, this was written in question manner on a 
4" x 7" file card with the book number in the bottom right-
hand corner and the page number in the bottom left-hand corner. 
Furthermore, the abbreviation, "Exp.," (meaning "Experimentrt) 
was placed in the margin next to the experiment which was 
marked off with parenthesis in the book. Thus, a group of' 
cards were put together with one experiment per card and the 
total am::>unt of' books containing that experiment at the 
bottom of each card including page or pages where the experi-
men. t was located in the four books used. 
Index of Reliability for the Selection of Experiments from 
TextboOks. 
The method used in this part of the investigation is 
similar to the technique utilized in determining the "Index of 
Reliability" in the selection of principles f'rom four ninth-
grade textbooks of general science. 
In twice analyzing 100 pages from Book 2, it was found 
that 108 experiments were common to both analyses. The same 
number of experiments were also found in the second analysis. 
Thus, the final total number of experiments discovered was the 
same as the original number of experiments. 
Index of Reliability = 
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Where A is the number of experiments common to both 
analyses; B is the number of experiments found only in the 
first analysis; and C is the number of experiments found only 
in the second analysis. The following results were obtained: 
From the Formula above 
Index of Reliability = 108 108 or 100 per cent 
The validity of the investigator's judgment was very high. 
The investigator's judgment in determining the "Index o:f Re-
liability" in the selection of e:x;p eriments :from the four text-
books was validated by rereading 100 pages selected at random 
from one of the four textbooks fifty days after the first 
analysis was completed. The original results of Book 2 pro-
duced 108 experiments, both physical and biological, in the 
entire textbook. 
·Assigning E!teriments to Principles Understandable at the 
Nirith-Grade evel. 
A list of major and minor principles of science found in 
four textbooks of general science previously analyzed was re-
corded in Chapter II. In accordance with this investigation, 
the investigator kept only the experiments that could be used 
to develop these major and minor principles. 
"Every experiment that was selected as being useful as an 
aid to the development of an understanding of any of the major 
and minor principles of science was examined carefully. Ex-
periments which could not be used :for this purpose were placed 
in a miscellaneous column located in the last chapter o:r this 
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investigation. 
Every useable experiment was wri t ten by the investigator 
in a simple question form on the bot tom of each 4" x 7" file 
card on which the principle to which the experintent conformed 
was recorded • . However, the investigator found out in certain 
cases that one experiment was able to be used to develop many 
principles. Therefore, the experiment was recorded in ques-
tion form on the bottom of each file card on which the prin-
ciples were written. Henceforth, every experiment was properly 
matched with one or more principles arising from the four 
textbooks used. vVhenever the experiments played no important 
role in the development of an understanding of principles 
discovered in . the four previously-used textbooks, they were 
placed in a miscellaneous column found at the end of this 
investigation to be possibly used by some other person 
interested in correlating experiments and principles for 
further use in general education. 
Table II demonstrates experiments useable in developing 
comprehension of the physical and biological principles of 
science. 
TABLE II 
.EXPERIMENTS THAT CAN BE USED IN DEVELOPING 
UNDERSTANDINGS OF THE PRINCIPLES OF 
PHYSICAL AND/OR BIOLOGICAL SCIENCE 
FOUND IN FOUR NINTH-GRADE TEXTBOOKS 
OF GENERAL SCIENCE 
Principles and Experiments Books in which experiments occurred 
I AIR AND OTHER GASES 
1 The pres sure at a point in any fluid 
is the same in all directions. 
*If a glass funnel is covered 
with a thin rubber sheet and a 
U-tube with mercury in it is 
connected to the other end of 
the ftmnel, what happens when 
we immerge the funnel in water 
and hold it in different po-
sitions at the same point? 
If two tubes are covered with 
rubber at one end and placed 
in a stand, one filled with 
water and the other with a 
glass rod, is the water 
pressure the same in all 
directions? 
If three holes are punched by 
a nail in a can, one in the 
bottom, a similar one in the 
side near the bottom, and 
another half way up the can, 
when the can is filled with 
1 2 3 4 'l'O~l_ 
X 1 
X 1 
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*Table II is read thus: The experiment "If a glass funnel 
is covered with a thin rubber sheet and a U-tube with mercury 
in it is connected ••.••••• ,etc. "is one which contributes to the 
development of an understanding .of the principle to which it is 
assigned. The experiment was found only in book 1. Thus, the 
total number of books (Total) in which the experiment was 
found was one. 
TABU: II 
(continued) 
Principles and "Experiments 
water and three glasses are 
held near the holes to catch 
the water; why are two glasses 
rilled equally and a third 
unequally? 
Gases expand when heated and contract 
when cooled. 
If a bottle or air is heated 
with a loose fitting cap, what 
do we observe happening to the 
cap? 
If a toy balloon is rastened 
to a glass tube ritted to a 
one-hole stopper which is 
attached to a flask or bottle, 
what happens when the flask is 
placed in the sunlight? Wh.a t 
happens as the flask is· allowed 
to cool? 
Ir a rubber balloon is placed 
over the top of a flask and 
the flask heated, what happens 
to the balloon? What happens 
if the flask is then cooled? 
If a glass tube about one foot 
in length is inserted into a 
one-hole stopper which is 
fitted to a test tube and the 
test tube is inverted in a 
dish of water, what happens to 
the air when it is warmed? 
Air pressure is exerted equally in 
all directions. 
If an oil can containing a 
little water is heated so that 
the water boils and then a 
Books in which 
exneriments occurred 
1 2 3 4 TotaJ. 
X 1 
X 1 
X 1 
X 1 
X X 2 
TABLE II 
(continued) 
63 
I----------------------------------------.-----~B=-oo-k~s~in---w~hi~.-c~h------!1 
Principles and Experiments 
stopper applied, what will 
happen to the can when cold 
water is poured over it? How 
does this indicate that -the 
atmosphere exerts pressure? 
If a hand is placed over the 
top of a bell jar attached to 
a vacuum pump, what will happen 
to your hand when the pump is 
in operation? 
If a rubber membrane is placed 
over the bottom of an open 
bottom bell jar and through the 
top opening is attached a 
rubber stopper with a Y-tube 
through it so that the Y-tube 
is inside the bell jar, how 
does .this model represent the 
human respiratory system? 
If a three foot glass tube 
closed at one end is filled 
with mercury and inverted in 
a dish of mercury, at what 
height does the mercury stand? 
Does air exert pressure? 
If a test tube is tightly fitted 
with a one-hole stopper con-
taining a piece of glass tubing 
two feet long so that the tubing 
extends to the bottom of the 
test tube, could you suck same 
of the water from the test tube? 
Could you suck out the water if · 
you loosened the stopper? 
·when a molecule is heated, molecules 
are driven farther apart and the 
volume is increased. 
experiments occurred 
l 2 3 4 Total 
X X 2 
X 1 
X 1 
X X X 3 
X 1 
I 
TABLE II 
(continued) 
Principles and Experiments 
Ir a half inch of water is 
placed in a test tube and you 
heat the test tube with a cork 
ri tted over the top, what will 
eventually happen to the cork? 
The volume is made smaller not by 
compressing the particles themselves, 
but by rorcing them closer together. 
If one inch of garden hose is 
corked at one end, and with a 
rod push a mug-filled cork 
through the other end, what 
happens when the cork is pushed 
half way through? 
All matter has weight and takes up 
space. 
If a football is placed under 
a board, what happens to the 
board when the air is pumped 
into the bladder? 
If an empty basketball is 
weighed and pumped full of air 
and then weighed again, would 
there be any difference in the 
weights? Would there be any 
difference in volume? 
If an empty tumbler is inverted 
in a bucket of water and 
pressure applied on it, does the 
water enter and fill the entire 
tumbler? Does air occupy space? 
If water is weighed and the 
volume recorded, what can be 
observed regarding the pro-
perties of matter? 
Books in which 
e~eriments occurred 
1 2 3 4 Total 
X 1 
X 1 
X 1 
X X X 3 
X X X 3 
X 1 
! 
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WATER AND OTHER LIQUIDS 
The pressure under water becomes 
greater as the distance below the 
surface becomes greater. 
If aU-tube half filled with 
colored water is closed at one 
end with a rubber tube, what 
happens to the colored water 
level when you blow through 
the rubber tube? What will 
happen to the water level if 
a funnel covered with a rubber 
membrane is immersed in a tall 
battery jar filled with water? 
How do the results compare if · 
the funnel is placed at three 
inches and at six inches? What 
are the results when the funnel 
is turned sideways? 
If three small holes ar.e punched 
in the side of a can one inch 
above the other, plugs are 
fitted to these holes, and the 
can is filled with water, how 
do the distances of the streams 
from the base vary when the 
plugs are removed one at a time? 
If three holes are punched by a 
nail in a can, one in the bottom, 
a similar one in the side near 
the bottom, and another half way 
up the can; when the can is 
filled with water and three 
glasses are held near the holes 
to catch the water, why are t wo 
glasses filled equally and the 
third unequally? 
e cperiments occurred 
1 2 3 4 Tota.L 
X 1 
X X 2 
X 1 
I. 
I 
I 
TABLE II 
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vVhat happens when a barometer 
is lowered into a bucket of 
water as its depth changes? 
A body immersed or floating in a 
liquid is buoyed up by a force equal 
to the weight of the liquid dis-
placed. 
If a little boat is made of tin 
foil, will it float? If the 
tin foil is crumpled up into a 
ball, will it still float? 
If an object is weighed in air 
and then weighed in water, 
what is the difference in their 
weights? 
If a cork is pressed to the 
bottom of a glass of water, 
what happens when released? 
What happens when a piece of 
iron is pressed in a cup of 
mercury and then released? 
vVhen a force is applied to a given 
area of a liquid confined in a 
vessel, that force is transmitted 
undiminished to every equal area 
in the vessel. The pressure exerted 
by the liquid is always at right 
angles to the walls of the contain-
ing vessel. 
If three small holes are 
punched in the sides of a can 
one inch above the other, plugs 
fitted to these holes, and the 
can is filled with water, how 
do the distances of the streams 
from the base vary when the 
plugs are removed one at a time? 
Books in which 
experiments occurred 
l 2 3 4 Total 
X 1 
X 1 
X X X 3 
X 1 
X X 2 
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A body put into water loses a weight 
equal to the weight of the water 
which it displaces. 
If a test tube is partially 
filled vd th sand so that it 
floats upright and the weight 
noted and then placed in a 
partially filled graduated 
cylinder recording the weight 
of water displaced, how do 
these weights compare? 
If a stone is lowered into a 
graduated cylinder partially 
filled with water, and the 
weight of water displaced is 
recorded, how does this weight 
compare to the a:roount of weight 
the stone loses in water? 
Water seeks its own level. 
I f a funnel and a piece of 
rubber tubing and a short 
piece of glass tubing are 
attached together and filled 
with water, what happens when 
t he tubing is raised to the 
same level as the water in the 
funnel? 
If a large pail filled with 
water has a hole in the bo t tom 
so that a rubber tube is 
attached with a clamp and a 
piece of glass tubing at the 
end of the tube, and the tube 
is held up to the level of the 
water, is the water level in 
the tube the same? 
67 
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X 1 
X l 
X 1 
X 1 
I 
L 
T.ABLE II 
(continued) 
Principles and Experiments 
If one end of a regular hose 
is held several feet above the 
ground and water poured into 
it, how high must it be raised 
to keep the water from running 
out? What happens when held 
below this level? 
! W..ATTER AND ENERGY 
1 The product of the force times the 
\ distance through which it moves is 
II 
the same as the product of the re-
sistance times the distance through 
I which it moves. 
I If a board five feet long and 
one foot wide is inclined with 
its end two feet from the floor 
and a small wagon loaded vd th 
ten pounds of weights is drawn 
up the plank with a spring 
balance to record the force 
needed, how does this force 
compare with the force required 
to lift this wagon directly up 
two feet? 
If a fifteen pound weight is 
attached to the one inch axle 
with a rope, how much force is 
required to turn a wheel of 
five inches? 
If you support a single pulley 
from an overhead obstacle and 
attach a five pound weight to 
a rope through the pulley, how 
much force is required to lift 
this weight? If bet·ween the 
fixed pulley and the weight a 
movable pulley is fixed, now 
68 
Books in which 
e~er ments occurred 
1 2 3 4 Total. 
X l 
X X X 3 
X X 2 
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what is the mechanical advan-
tage of the block and tackle? 
In any ma chine, the grea ter the dis-
tance the force moves as compared 
with the distance the weight moves, 
the greater is the mechanical 
advantage. 
If a board five feet long and 
one foot wide is inclined with 
its end t vJO feet from the floor 
and a small wa gon loaded with 
ten pounds of weights is dr awn 
up the planlc with a spring 
balance to record the force 
needed, how does this force 
comoare with the force re-
quired to lift this wagon 
directly up t wo feet? 
If a foot rule is used for a 
lever and a pencil for a 
fulcrum, what is the mechanica l 
advantage of the lever if the 
fulcrmn is moved along the rule? 
If you support a single pulley 
from an overhe a d obstacle and 
attach a five pound weight to a 
rope through the pulley, how 
much force is required to lift 
this weight? If between the 
fixed pulley and the wei ght a 
movable pulley is fixed, now 
what is the mechanical advan-
tage of the block and tackle? 
If you count the number of teeth 
in each of t wo wheels of any egg 
beater and divide the smaller 
number into the l ar ger to g et 
the mechanical advantage, and 
X 
69 
Books in which 
experiments occurred 
X X 3 
X 1 
X X X 3 
X X 2 
TABLE II 
{continued) 
1 1 -------------.----::..----::---:-~--li 
I 
Books in which 
Principles and Experiments experiments occurred 
,
1
, 1 2 3 4 To ta._l_ 
then count the number of times 
the egg beater turns while the 
II 
handle turns once, are the two 
numbers the same? 
If you measure the distance be-
tween the threads of a screw by 
measuring ten or fifteen at 
once, and then divide the whole 
length by the number of threads 
in that length, what is the 
mechanical advantage? 
If a lead pencil is used as an 
axle of a windlass with a stiff 
wire or hairpin run through the 
rubber top as its crank, and try 
to lift a weight on a string 
wrapped around the axle; measure 
the length of the crank and the 
radius of the pencil. Vfuat is 
the mechanical advantage? 
The rate at which a pendulum of a 
certain length vibrates depends on 
the force 1ni th which the earth 
attracts it. The heavier the iron 
bob below,the more it would attract, 
and the faster would go the pendulum. 
If a piece of iron is fastened 
to a string suspended from the 
ceiling, how many swings will 
the pendulum make per minute 
when pushed through an arc of 
one inch? ·what makes it move 
faster when a magnet is placed 
close below the iron bob? 
The smoother the surfa ce the less 
friction there will be between it and 
an object moving over it. 
X 1 
X 1 
X 1 
X 1 
TABLJi: II 
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If several weights are placed I 
in a box and the box drawn along 
on rollers by means of a spring 
balance, what force is needed? 
How does this compare to the 
force needed to drag the box 
along? 
If a book is placed on several 
marbles on a table, does it roll 
harder or easier? 
Matter can be changed in form, but 
cannot be created or destroyed. 
If a magnesium ribbon is 
weighed, then burned and 
re-weighed, what accounts 
for the discrepancy in 
weight? How has the appear-
ance changed? 
BEAT AND FIRE 
Most substances can be changed from 
one sta te to another by being heated 
or cooled. 
If alum is placed in a crucible 
and heated, what happens? 
If the steam from boiling dirty 
water is condensed in a Liebig 
condenser, what changes will be 
noted? 
If crystals of copper sulphate 
are heated, what will ha ppen 
to the crystals? 
If a piece of paraffin is placed 
in a pan and heated, what 
happens to the paraffin? \Vhat 
71 
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X 1 
X 1 
X 1 
X X 2 
X X X 3 
X 1 
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I happens when the pan of melted I I I ,, paraffin is placed in cold I water? I X 1 I 
A fuel burns if heated to its I kindling temperature in the air. 
If a four arm copper cross 
with f our diff erent sub- I I 
stances a t the end of the cross l 
such a s phosphorus, woo d, I i sulphur, and coal is placed on I 
a Bunsen Burner with the flame I 
in the middle so that e ach arm I I I 
of the cross is equally heated, 
how would each of the el e:roo n ts 
react? What m uld be their 
I order ·Of kindling te1~erature? I 
X 1 
I Hea t is conducted by the tr ansfer of I kinetic energy from molecule to I i I molecule. I 
' iI 
If one end of a nail is hel d in i i 
a flame, why does the other end I become hot? X 1 
Solids, liquids, and gases e xpa,.'1d I 
when heated and contract when cooled . I 
If a toy balloon is fastened to I I 
a gl ass tube fitted to a one- I 
I hole stopper which is atta ched I to a fl ask or bottle, what I happens when the flask is pla ced 
in the sunlight? Vfua t happens 
as the flas lc is -allowed to cool? X I 1 
If a test tube filled with I I colored vva ter is fitted with a piece of glas s tubing in a one -
holed stopper, what happens to 
TABLE II 
(continued) 
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the height of the water in the 
glass tube when the test tube 
is heated? What happens to 
the height of the water when 
the test tube is placed in a 
beaker of cold water? 
Vfuat happens to a piece of 
window glass when heated? 
heated red hot and plunged 
cold water, what happens? 
If 
into 
If a bottle filled with water 
and the mouth of the bottle 
sealed tightly, what happens 
when placed in a refrigera tor 
compartment over night? 
If a weight is suspended from a 
wire attached to a ring stand 
with the vreight just grazing 
the base, what will happen to 
the weight if the wire is 
heated? ~fuat happens when the 
wire is cooled? 
If t wo wide-mouthed bottles 
contain an eq_ual am::>unt of 
water l~th their levels marked 
and one of them is sealed 
tightly, how will the levels of 
the t wo bottles compare after 
being exposed to sunlight for 
two days? How do you expl ain 
the difference? 
If one-half inch of wate r is 
placed in a test tube an d you 
heat the test tube with a cork 
fitted over top, wha t will 
eventually happen to the c.ork? 
X X 2 
l 
X l 
X X 2 
X l 
X 1 
TABLE II 
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If an opened five gallon can is 
weighed and then re-weighed after 
heat has been applied, what can 
be observed? If a rubber band 
is wrapped around the opening 
in the can and heated again, 
what can be observed regarding 
the rubber band? What happens I 
when the can is cooled? 
If water is boiled in a flask 
until all the air is driven out 
so that only steam and water a re 
remaining and a cork is fitted 
over the top of the flask, what 
will happen to the water inside 
when cold water is poured over 
the flask? 
If you take a vial and fill it 
full of mercury and then take a 
glass tube and attach it to the 
small vial by means of a one-
hole stopper; adjust the mercury 
so that it is three inches from 
the top of the stopper and then 
take the apparatus and place it 
in a beaker filled with cracked 
ice and record the level of tbe 
mercury; d.o the same and place 
it over boiling water, what have 
you just made? 
If a brass ball is just large 
enough to pass through a brass 
ring , what happens when the ball 
is heated? Will it pass through 
the ring? · 
If two strips, one of iron and 
one of brass, are firmly fastened 
together forming a compound bar, 
what happens when the bar is 
X 1 
X 1 
X 1 
X 1 
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heated? Which one bends more? 
Heat radiates from its source i~ 
straight lines and in all directions. 
If you heat an electric toaster 
and put your hand a bout six 
inches away from it, how does 
the heat get to your hand? 
Heat increases the speed of evapo-
ration. 
If one dish is dipped in cold 
water and another in hot water, 
which dries the faster? 
SOUND 
Sound travels only through matter. 
~~at will happen to the audi-
bility of a ringing bell if it 
is placed in a vacuum? 
If a tuning fork is struck and 
the round end placed on a piece 
of board, what will be observed 
when the ear is placed at the 
other end of the board? 
If you place your ear against a 
desk and have someone scratch 
the end of the desk, is the 
sound louder? Now fit a piece 
of cork around the base of a 
tuning fork, strike the tuning 
fork, and place it in water. 
Can. you hear the sound better? 
If held in air, what happens? · 
If you hold one end of a yard 
stick firmly against the lobe 
exoe rimen ts occurred 
1 2 3 4 Total 
X 1 
X 1 
X 1 
X 1 
X 1 
X X 2 
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I 
I 
of your ear, what happens when 
the other end of the stick is 
scratched? 
If a connecting string is passed 
through a hole in the bottom of 
ea ch of t wo tin cans and se-
cured with a knot on the inside, 
is it possible for a rerson to 
hear through one can when another 
person is speaking into the 
other, if the string is kept 
taut? 
'~Nb.at will happen when an alarm 
clock is placed under a bell 
jar with the air exhausted? 
The intensity of oound depends upon 
the :force of vibrations or the body 
:producing the oound, upon the dis-
tance, and upon the substance vhich 
carries the oound. 
If' you tap a pencil on s·everal 
hard objects like the :floor, 
the table top, or the various 
rounds of a chair, do you dis-
tinguish any diff'erence in the 
:pitch of the sound? 
If a thin foot rule is held 
firmly near the edge of a desk 
and so projected that the end 
may be vi bra ted, what happens 
to the :pitch when the length 
of the :projection is varied? 
If a wire stretched on a board 
and near the middle or the wire 
is placed a movable bridge, 
what happens to the pitch as 
the distance or the bridge is 
X 
X 
1 
X l 
X 1 
X 1 
X 2 
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varied? What happens when a 
wire of different thickness is 
used? 
If different amounts of water 
are poured into eight glasses 
until they g ive tones of the 
scale in order, why does the 
amount of water in the glass 
make a difference in pitch? 
Sound travels in waves. 
If a weight is attached to a 
coil spring , what hEg? pens to 
the spring when the weight is 
released? 
Vl.b.at happens when a vibra ting 
tuning fork is placed in a 
beaker of water? 
If a piece of wire is wrapped 
around one prong of a tuning 
fork and sealed with wax and 
then struck and drawn acros s 
a piece of smoked glass, what 
can be observed? 
If a rope is fastened to a wall 
and the free end held in the 
hand and given a rapid up-and-
down motion, what can be ob-
served? 
Sound is produced by vibrating bodies. 
If a string of wire is attached 
between t wo points, what will 
result if the wire is plucked? 
~Vhat happens to the pitch if the 
wire is made nnre taut?· 
77 
Books in which 
experiments occurred 
1 2 3 4 Total 
X 1 
X 1 
X X 2 
X X X 3 
X 1 
X 1 
X X 2 
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1 2 3 4 Tot~ 
I 
If small cork bits are sprinkled 
on a drum and then it is struck, 
what happ ens to the. cork bits? X X 2 
If a wei ght is atta ched to a coil 
spring, what happens to the 
spring when the wei ght is re- I leased? How is this similar to 
sound waves? X X 2 
If you hold one end of a rubber 
band in the teeth and stretch 
it by pulling upon the other 
· end, what happens when it is 
plucked? X 1 
If a yardstick is firmly 
attached to a vice so that 
three fourths of it extend 
outward, Vlh at happens when it I 
I is struck? X 1 
The more rapid a body vibrates, tl:e I higher is the pitch of a note. 
If a string of wire is attached 
between two points~ what will 
result if the wire is pluc ked? 
·what happens to the pitch if 
the wire is made more taut? X X 2 
l 
LIGHT I 
Dark colored objects absorb heat and I 
light faster than light colored 
objects. 
If one of t wo flasks is covered 
with soot and they both are 
I placed in the s tm. with a tube 
of ink colored water coming out 
of each, which expands the most? X 1 
I 
I 
I 
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1 2 3 4 Total 1 
II If one of two test tubes is partially covered with s moke 
I by rota ting it over a candle 
and then both filled part way 
with wa ter and placed upright I in a vessel of water and the 
temperatures recorded, what I will happen to the tempera-
tures of the water if the 
I tubes are exposed to direct 
sunlight for fifteen minutes? X X 2 
If two pieces of paraffin of 
equal weight have two pieces I of copper melted into their 
surfaces and one piece of 
paraffin is blackened, which 
I piece will the copper plate fall from first? X 1 
' I 
llie intensity of the light varies 
inversely as the square of the I distance. 
I If a pencil is placed between 
I 
I! 
a li ghted candle and a white 
screen so as to make a shadow I and then an electric light placed so that the two shadows 
I 
are equally black, what is the 
illumination? X 1 I 
If a flashli ght one foot away I 
from a cardboard with a one 
I square inch hole cut in the 
middle and a second cardboard 
I two feet awa y from the light 
I is marked off in square inches, 
I how many square inches of 
I 
light are covered on the second 
cardboard? vVhat happens as one 
increases the distance between 
the two cardboards? X X 2 
I 
I 
I 
I 
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I Light rays are bent as they pass I I from one transparent substance into I another of different density. I I 
I 
If a pencil is placed slanting 
into a glass of water, what 
happens to the position of 
the object under water? X X 2 
If a penny is placed in a cup 
and you move your hea d b a ck 
slowly ontil the coin is hidden 
from view by the edg e of the 
cup, what happens as someone 
pours water into the cup? X X X 3 
If a burning candle is placed 
in a dark room one foot in 
front of a lens ., what happens 
when a piece of paper is held 
in focus behind the lens? 
Vfuat happens to the distance 
from the paper to the lens 
when we substitute the differ-
ent lenses? Vifhi ch type of lens 
I brings the rays in a shorter 
distance? X 1 
vVhen sunlight passes through a prism, 
the primary colors separate, e a ch 
being bent a different amount ac-
cording to its wave length,producing 
the spectrum of the sunlight. 
If a prism is held in a narrow 
beam of sunlight with a piece 
of cardboard behind it, what 
I 
appears on the cardboard? How 
do we account for it? X X 
I 
X 3 
' 
' 
When a ray of light strikes a plane 
mirror perpendicularly, it is re-
fleeted straight back from the mirror, 
I I 
I 
II 
II 
TABLE II 
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Principles and :Experiments 
I but ir it strikes it obliquely, (the 
angle of incident will equal the 
angle of reflection). 
Draw a line across a piece of 
paper and stand a mirror on this 
line. Draw the perpendicular 
bisector of this line and put a 
pin in it several inches from 
the base line. Close one eye 
and move your head until your 
eye is level with the te. ble and 
is in front of the left side of 
the mirror on the line which you 
are sighting . Now draw a line 
between the pins and the point 
where the perpendicular bisector 
meets the base line. There are 
now two angles made with the 
bisecting line. A.re these angle:: 
equal? 
Light travels in straight lines. 
If three pieces of cardboard 
with a narrow slit in each one 
are supported upright in a 
straight line, what happens to 
the light shining through the 
slits if one of them is moved 
a little? 
Light colors absorb less light than 
dark colors. 
If two thermometers are placed 
in the sun with a white cloth 
covering one and a dark cloth 
of the same thickness and tex-
ture covering the other, how do 
the endings of the thermometers 
compare after a short period of 
time? 
Books in which 
principles occurred 
I 
81 I 
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X X 2 
X X 2 
X 1 
li 
I 
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TABLE II 
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If a white cloth is :placed 
under an opaque lamp in a 
dark room, is the room still 
dark? Now replace this with 
.a black cloth; what differ-
ence is there in the light? 
·when ligb. t strikes an opaque object, 
a shadow is formed behind the ob-
ject. 
If you hold a tennis ball be-
tween you and a strong light, 
what do you notice in the 
shadows of the ball? Does 
this explain the different 
I I shapes of the moon? 
lY1AGNETISivi AND ELECTRICITY 
Unlike electrical charges attract 
and like electrical charges repel. 
I 
I 
If two pith balls are hung by 
silk threads so that they 
touch one another and then 
brought into contact with a 
glass rod that has been rubbed 
with silk, what happens? Now 
touch a rubber comb, rubbed 
with a woolen cloth, to the 
pith balls. What happens? 
I If a hard rubber rod or glass 
rod is rubbed with fur and 
suspended, what happens when 
a second hard rubber rod 
rubbed with fur is brought 
near one end of the suspended 
rod? vVhat happens when the 
second is rubbed with silk? 
I 
I 
Books in which 
'I exper j.ments occurred 
1 2 3 4 Total. ' I 
I 
I 
I 
X 1 
X 1 
I 
I 
I 
X 1 
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I 
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If a hard rubber comb is rubbed 
vigorously w1 th a piece of 
woolen clothing, what happens 
when it is brought near a pith 
ball attached to a silk thread 
and suspended? 
If an inflated balloon is sus-
pended, what happens when the 
balloon is rubbed briskly with 
fur? What happens when you 
bring your hand near the 
balloon? 
All wires carrying an electrical 
current resist the flow of the 
current. 
If a simple cell is connected 
to a galvanometer, what 
happens to the needle? 
If a soft iron rod one-half 
inch or three-quarter inches 
in diameter is bent to form a 
circle of about tbr ee inches 
in diameter with fifty turns 
of insula ted wire at the 
opposite ends of circle con-
nected to a dry cell and a 
galvanometer, what happens to 
the galvanometer when the 
circuit is oompleted? 
Wrap about 100 turns of fine 
insulated copper wire around 
a small compass. Leave a bout 
two feet of each end of the 
wire unwound for connecting 
to.the source of the current. 
Set the compass so that the 
coil runs in the same direction 
that the needle is pointing. 
II 
I 
Books in which I 
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X 1 
X 1 
X X 2 
X X 2 
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What happens when a small 
electric current is passed 
through our galvanometer? 
Vlb..at happens when the current 
is reversed? 
Like magnetic poles repel and unlike 
magnetic :poles attract. 
If iron filings are sprinkled 
over a paper laid on a horse-
shoe magnet, what pattern do 
they take? Would this pattern 
be repeated on an electric 
magnet? 
If two bar magnets are so placed 
that the like poles are f a cing 
each other, what will result? 
\v.hat reaction is noted if one 
of the magnets is turned around? 
All electrical cells change chemical 
energy into electrical energy. 
From a sheet of copper, cut out 
about half a dozen pieces as 
large as the palm of your hand. 
Cut a similar number of pieces 
of zinc. Now cut as many pieces 
of cloth as there are pieces of 
metal. Wet the cloths in warm 
wat er conta ining ammonium 
chloride. When they are piled: 
copper, cloth, zinc, cloth, 
copper, etc., what results are 
observed on a galvanometer? 
If t wo wires from the voltaic 
pile are touched to the terminal 
points on an electric bell, 
what happens? 
X 1 
X X X 3 
X 1 
X 1 
X 1 
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Vfuenever electrical currents flow 
through wires; some of the 
electrical energy is changed into 
heat energy and rometimes some of 
1 it is charged into light energy. 
If a piece of thin copper wire 
is connected between the anode 
and cathode poles of a battery, 
what will happen to the thin 
piece of wire? Does electri-
city produce heat? 
An electric current may be produced 
in three ways, by rubbing or friction, 
chemical action, and the use of a 
magnetic field. 
If a coil of wire is attached 
to a voltmeter and the coil is 
placed between the poles of a 
U-magnet, what happens? 
If a hand dynamo is attached to 
a lamp, what happens to the 
lamp when the dynamo is turned? 
From a sheet of copper, cut out 
about a half dozen pieces as 
large as the palm of your hand. 
Cut a similar number of pieces 
of zinc. Now cut as many pieces 
of cloth as there are pieces of 
metal. Wet the cloths in warm 
water containing ammonium chlo -
ride. When they are piled: 
copper, cloth, zinc, cloth, 
copper, etc, what results are 
observed on a galvanometer? 
If a dry cell is connected to 
a bell with a contact switch 
in the circuit, does the bell 
Books in which 
experiments occurred 
1 2 3 4 To-caT 
X X X 3 
X X 3 
X 1 
X 1 
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T.A.BLE II 
(continued) I 
~I ----------~-------1 
.Books in which 1 
Principles and Experiments 
ring when the contact switch 
is on? 
If a wire is hung freely be-
tween the poles of aU-magnet, 
what happens to the wire when 
an electric current is passed 
through it? 11/h.at happens when 
the current is reversed? 
Between the poles of a large 
U-magnet, attach a freely 
rotating armature. What 
happens when the brushes CClii:e 
in contact with the commutator 
on the armature? 
I vVEA THER AND CLIIVU\.TE 
When air is cooled suff'icien tly, the 
moisture in it condenses. 
If a bright ti.n cup is filled with 
cold water and ice, what will be 
noted on the outside surface of 
the cup? 
If a cool pitcher of water is 
placed in a warm room, what 
happens to the outside of' tbe 
pitcher? 
If' the temperature rises or falls, 
the amount oi' water vapor the air can 
hold also increases or decreases. 
If two thermometers are suspended 
:from a stand so that one ther-
mometer bulb is wrapped with 
cloth which runs into a bottle 
of water, how are the readings 
affected when both are vigorously 
fanned for three minutes? 
experiments occurred 1 
1 2 3 -4 Total 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
I 
I 
T.ABLE II 
(continued} 
Principles and Experiments 
Vfuenever air is heated, it expands 
1 and becomes lighter and is pushed 
1 upward by the greater pressure of 
I; the cool heavier air arouna.. 
II 
If two holes are cut in the top 
II 
of a glass front box and lamp 
chimneys are placed over the 
holes with a candle under one 
I of the holes, where does the 
I pin smoke from a burning punk 
I stick g o when held over the 
I chimney that stands above the 
candle? wnere does it go when 
held over the other chimney? 
If a three foot glass tube is 
I 
so bent that it forms a s g_uare 
and both ends a re able to fit 
I into a two-hole stopper that is 
i fitted to a test tube, and this 
I apparatus is filled with saw-
.I dust and water and inverted, in 
'I 
II 
what direction will the water 
flow when one end of the s q uare 
II is heated? 
i 
I If an oil burner is placed in 
I the middle of a classroom and 
I very light fluffy absorbent 
II 
cotton is released above the 
oil stove, why does the ab-
II 
sorbent cotton move toward the 
ceiling? 
II 
If a hot flat iron is pla ced 
on the sill r::t: a window so 
., 
that the sun's rays strik e 
the flat iron, what can be 
II observed? 
I 
I 
I 
I 
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I Books in which 
~xperiments occurred 
1 2 3 4 Total i I 
I 
I 
I 
' 
I 
I X 1 I 
I 
' 
I 
X 1 
II 
II 
II 
X 1 
l X 1 II 
I 
I 
88 11 
TABLE II 
i (continued) I II 
I 
,, 
I 
Principles and Experiments 
Books in which 
!I experiments occurred 
1 2 3 4 · Total. II 
BIOLOGY 
!Osmosis, the diffusion of molecules I 
of a rolvent {usually water} through 
II a semi-permeable membrane (a layer 
of cells or the membrane of a single I 
jl cell) from the point of higher con-
I centration of the solvent to a I point of lower concentration, with I 
a stoppage of the flow of molecules 
I of the solute, is a basic process in plant and animal physiology. I 
If the mouth of two thistle 
I 
tubes are e a ch covered with a 
membrane from a hot dog and 
are suspended in an inverted 
position after a solution of I 
sugar has been poured into one 
I 
thistle tube and plain water 
has been poured into the other, I 
what happens when the thistle 
I tubes are each lowered the 
same amount into a jar of water 
and allowed to stand for a few 
I 
hours? X X X 3 
If the outer shell at one end I 
I of an e g g is chipped away I leaving the membrane for water 
I to enter, what happens when a short glass tube is fastened 
to a similar hole in the other I 
end of the e g g by carefully 
II 
I inserting a knitting needle 
I through the tube piercing both 
II 
shell and inner membrane and 
allowed to stand? X X X 3 II 
'I 1Nhat happens when a few dried 'I II 
,I 
raisins, apricots, and prunes II 
are allowed to stand in water? X 1 
II I 
II I 
II 
I 
TABLE II 
(continued) 
Principles and Experiments 
I The cell is the unit of structure 
11 and function in all organisms. 
If thin sections of cork, 
tomato, apple, maple twigs, 
and celery stalk are placed 
under a compound microscope, 
what can be observed? Do 
animals also contain ·cells? 
A cell is made up of cytoplasm, 
nucleus, cell membrane, cell wall, 
wastes, and food. 
I What can be observed when an 
I 
amoeba is placed under a 
microscope? What is this 
I large dark ·body in the center? 
1 What is this syrup-like material 
I 
around it? Vfuat are these dark 
dots?. 'What can be observed 
1 
when an onion skin is used? 
!Living things are fully depende~t 
upon water. 
If radish seeds are spread 
between two wet blotting 
papers and the blotting papers 
placed between two pieces of 
glass, what can be observed 
after three days? Do plants 
need water for growth? \Vhat 
happens in the same experiment 
when the blotting paper is 
kept dry? 
j Water makes up a large part of 
I living things . 
I If a plant is placed in a L bell jar and allowed to 
Books in which 1 
experiments occurred I r-l~~2~~3~~4~~1~~ta~,l~-
X 
X 
X X X X 
1 
1 
4 
I 
I 
i, 
II 
90 
'I 
\ 
I 
TABLE II 
(continued) 
II 1
1 
~~· ----------~~~~~ Books in which 
Principles and Experiments experiments occurred 
r-----------------+--=l-+....::2::...-t-..:::.3--t-....:;)4~--'II::.:o::....:' t:.=::.al_ 1 
11· stand for a short period of ,:1 
II 
time, what will be noted on 
the inside surface of the 
1 
1 bell jar? x x 2 
If a few leaves 
I a test tube and 
I
I collects on .the 
of the tube? 
are placed in 
heated, what 
inside surface 
I 
Plants a nd · animals change the soil; 
thus soil is in a constant state of 
change. 
If one of two tubes filled with 
a half pint of garden soil is 
i he a ted, and ammonia water is 
1 poured through both, what is 
I 
the compound which comes 
j through the tube which has not 
lj been heated? How is the soil 
. containing bacteria affected? 
I
I In the presence of sunlight the . 
chloroplasts of chlorophyll-bearing 
plants convert carbon dioxide and 
water into intermediate substances, 
and these into sugar, and that into 
starch, and liberate oxygen, thus 
directly or indirectly producing 
I practically all the food in the 
1 
world. 
1 If' some elodea or other plant 
1 that grows submerged in water 
is covered with a funnel, and 
a test tube filled with water 
i is inverted over the stem of 
!1 the funnel so that it remains 
filled with water, what happens 
X 1 I 
X 1 
~~~ to the water in the test tube 
I
I, when the jar is placed in the I 
_l sunlight? vTh.at is the gas ; 
===~=================-~~~~=~~==~~==~= 
I 
I 
TABLE II 
{continued} 
~ --------------------------------r---------------------- 1 Books in which Principles and Experiments 
given off in the test tube? 
Wb.a t happens when the jar ls 
removed from the sunlight? 
If parts of tv;o leaveE of a 
geranium or other green plant 
are covered by pinning squares 
of cork and carbon paper on 
both sides, and the plant is 
left in the sunlight for 
several days, how do the 
covered parts of the leaves 
compare with the uncovered 
parts when they are tested 
for starch? 
If a geranitlll1 plant and a 
lighted candle are placed in 
a bell jar in the sunlight, 
what happens to the candle? 
How do you account for the 
presence of oxygen in the 
jar when tested? What happens 
to the carbon dioxide given 
off by the candle? 
In digestion, complexed foods are 
i broken down into simpler compoWlds. 
If we try to dissolve laundry 
starch in warm water and then 
give it the iodine test, what 
happens? Obtain a little 
saliva and test it with the 
iodine test, and note what 
happens? Now , if we combine 
the two and again test for 
I starch, what happens? . 
I Carbon makes up a large part of all 
l li ving things. 
I Vfuat happens when charcoal, 
leaves, sugar, starch and 
experiments occurred I--,1~~2~~3~,4~~~Tot~a~i ~- l 
X X 
X X X 
X 
X 
2 
3 
1 
1 I I 
!' 
II 
II 
il 
I I 
I 
II 92 1 
II 
I 
TABLE II I 
I II (continued) I I 
I 
Books in which 
rl 
Principles and Experiments experiments occurred 
1 2 3 4 Totar 
11 meat are partially burned? 
II Vlliat is the substance 
c omrnon to all? X 1 I 
I I I I 
I 
I I I 
I 
I 
I 
I 
., 
: I 
I 
I 
I 
I 
I 
I 
I 
I 
! 
I I I 
i I I i I 
I 
II 
II il II 
I 
I L_ 
=~r-
rl Findings: 
/ The total number of different assignments of e xperiments 
defensibly assigned to principles (physical and biological) 
was 137. Of these, 123, or 89.78 per cent, were assigned to 
II 
:I 
I 
I 
I 
I 
physical principles of science, and 14, or 10.218 per cent, /1 
I were assigned to biological. The average number of e xperiments II 
I per book which were deemed s ui table for developing an de r- 11 
standing s of principles was for physical science,43.75; for 
II 
jl 
biological science, 6.25; for the average of both physical 
and biological, 50. The number of experiments which were 
I deemed suitable for developing understandings of principles of :1 
1 physical science varied from 26 to 53 for the four tex tbooks. 
The number of experiments which were deemed suitable for 
developing understandings of principles of biological science 
varied from four to ten for the four textbooks. 
I 
I 
·I 
I 
I 
I 
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CR4..PTER IV 
Slffi~ffiRY, CONCLUSIONS, A1TD RECO~~NDATIONS 
RESTATEMENT OF TEE PROBLEM 
The purpose of this investigation is to determine the 
principles and experiments of physical and biological science 
found in four ninth-grade textbooks of general science; and to 
assign to these principles the experiments, the performance of 
which should help pupils of the ninth-grade develop an under-
standing of the principles. 
SUMW.LARY OF TEE TECHNT Q.UES El\IJPLOYED 
My investigation was conducted after selecting ·four ninth- ~ 
I 
grade general science books which conformed to the criteria of I' 
selecting books as established by the investigator and accepted 
I
, by Assistant Professor Education, Vaden W. Miles, and the I 
. I 
! Seminar in Science Education, Boston University, 1946-1947. J 
The criteria to govern the selection of principles from I 
the books of general science were developed by fifteen science 
teachers in the above seminar, and the principles chosen from 
the four books conformed to the foriW.lated criteria. The 
1 physical and biological science principles were reviewed by a 
specialist (Vaden W. Miles) in the field, and his findings 
1t have already been referred to in this investigation in Chapter 
I 
II. 
Concerning the "Index of Reliability", the investigator's 
I judgment in the selection of principles from the four ninth-
grade textbooks of general science was validated by rereading 
one-hundred pages selected at random from one of the books 
fifty days after the first analysis was completed. The ''Index 
of Reliability" was 95.83 per cent. This showed that the 
reliability of the investigator's judgment was apparently high. 
This method was similar to one used by Robinson, Wise, and 
li.lartin, all from the University of Michigan. Book one was 
selected for the recheck since it was the first book to be 
analyzed by the investigator. The original results of book one 
produced six ty-nine principles, both physical and biological 
sciences, in the entire book. 
The "Index of Reliability" concerning the investigator's 
opinion in the choice of experiments from four general science 
textbooks was one hundred per cent, which percentage was doubt-
lessly high. 
SU1\1MARY OF THE FINDINGS 
This investigation revealed that a total of one hundred 
and eighteen principles of science were found upon analysis of 
four ninth-grade science books. Of this total seventy-four , 
or 62.71 per cent, were principles of physical science, while 
the remaining forty-four, or 37.28 per cent, were principles of 
J 
around the vicinity of a ratio of a bout two to one over the 
biological principles of' science. The authors rarely repeated 
identical principles in the same textbook. The authors mowed 
lack of' organization regarding the use of' biological principles I 
Authors dwelt more on assignment of' experiments suitable 
for developing understanding of' physical principles than 
biological principles of science; the experiments assi gned 
I defensible to physical principles outnumbered the experiments 
assigned to biological principles of' science more than eight 
to one. 
CONCLUSIONS 
1. The authors of' general science textbooks should 
' present the scientific principles in a clear, logical, and 
easily understood manner. 
2. The authors should organize the subject matter in 
The innumerable facts presented in each subject-matter 
field should be drawn together by means of' generalized state-
ments of' the principles of' science. 
4. Experiments should be performed which will help pupils 
develop an understanding of the scientific principles of' 
I importance for them. 
5. The authors should eliminate useless experiments. 
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RECOMMIENDATIONS 
Since there are several textbooks of general science which 
have not as yet been analyzed as in this investigation, I 
recommend that the remaining textbooks on ninth-grade general 
science level be so analyzed. Also, I recommend that a list 
of suitable experiments be selected by defensible research 
techniques and rated according to their relative importance on 
the ninth-grade general science level and made available to all 
teachers o~ general science. I further recommend that the 
relative values of principles of science on ninth-grade level 
be determined and made available to teachers. Then, too, 
suitable science projects of these principles should be deter-
mined for courses of general science. Experiments and 
principles should certainly be grouped together, and these 
should be made easily accessible to general science teachers. 
These experiments and principles should be integrated into the 
general science curriculum. 
_j_ 
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APPENDIX 
LIST OF :MISCELLANEOUS EXPERDvlENTS WHICH 
THE INVESTIGATOR COULD NOT ASSIGN TO A PRINCIPLE 
If tea leaves are added to a beaker of hot water, what 
happens to the color of the water? If poured through a filter 
paper, what will result? 
If powdered starch is mixed thoroughly with water and left 
to settle, then passed through filter ,paper, does the filtered 
mixture show the presence of starch? 
If gum camphor is placed in one test tube of water and 
butter in another, do they dissolve after standing over night? 
Will they dissolve in alcohol or carbon tetrachloride? 
If wood is placed in a test tube and a one-hole stopper 
with glass tubing is fitted to the mouth, what bappens to the 
wood when the test tube is he a ted? What happens w ben a match 
is applied to the end of the glass tube? 
If citric acid and baking soda are mixed together, is 
there any chemical reaction? What happens when water is added 
to the mixture? 
If a half-painted iron bar is placed in a jar with a water-
soaked sponge and sealed tightly, what will be noted after a 
few days on the unpainted portion of the bar? 
If a piece of filter paper with a dried layer of potas-
sium nitrate on it is lit and held below the flame of a candle, 
where is the smoke drawn? 
If the glass chimney of a burning oil lamp is removed and 
the wick turned up, why is a greater amount of carbon smoke now 
produced? \1\lhy is there less smoke when the glass chimney is 
placed back .on? Does this explain how a chimney helps a flame 
to burn? 
If crushed coal is placed in a test tube and a one-hole 
stopper with a glass tubing is fitted to the mouth, what 
happens to the coal when the test tube is vigorously heated? 
'What happens when a glowing splint is placed at the mouth of. 
the test tube? 
If a Bunsen burner is lit with the air vent closed, what 
change in the flame will occur? What change will appear when 
the air vent is opened? If a piece of wire gauze is placed in 
the flame, which part heats it the hot test? If the flame is 
put against the bottom of a dish, wba t is the black substance 
produced on the dish? 
ii 
If baking soda and diluted sulphuric acid and water are 
mixed in a jar, what gas is g iven off? What effects does this 
gas have on a flame? 
If some dirt is placed in a glass half filled with water, 
what will you see coming from the soil? Is this tm reason why 
small animals can live in the soil? 
If a living fish is placed in some limewater, what change 
will occur in the limewater? 
If a culture of microscopic animals is observed under a 
microscope, how do the movements of these aninals react when a 
solution of chloride of lime is added to the slide? 
If a plant is placed in a dark colored jar that has a hole 
in the side and so situated that the sunlight will enter through 
the hole, vvhat will eventually be noted in the growth of the 
plant? 
If a piece of neat is exposed to the air for an hour and 
then put in a tightly sealed jar and allowed to remain for a 
couple of days, what will then be noted in its color, smell, 
etc.? Vlhat effect dia ·· the bacteria have on the meat? 
'What happens when iodine is added to something containing 
starch? 
If we place some celery in a bottle of red ink, what 
happens in a few days? 
If we take a living fish .and wrap it loosely with wet 
cotton, and wrap trwo rubber bands a round it and place the 
rubber band on a slide, what c an you see in the tail of the 
fish? 
If we scrape some of the material from under our finger-
nails and place it on a culture medium, place in a warm dark 
place; what happens in a few days? 
If a plant is placed under the first of two large jars 
with a dish of limewater and a pot of moist soil with a dish of 
limewater under the second, which of these dishes of limewater 
is whiter? 
If some dry starch is heated in a test tube, what appears 
on the side of the test tube? Does this work with sugar? 
iii 
If a piece of fine wire screen is attached to the bottom 
of a lamp chimney with an inch or two of clean sand and tbe 
rest rich soil, what happens when pure water is poured over the 
soil? Is the water still pure? 
If a piece of the lower epidermis of a c o.rnmon leaf is 
examined under a microscope, what are these bean-like cells? 
If a piece of wet bread is placed on a wet blotter and 
dust is shaken on the bread, what appears after a few days when 
covered with a dish? 
If you take a very small drop of blood and examine it under 
a microscope, what is observed? 
What effect does exercise have upon the rate of heart 
beat? 
If t wo cans are equally filled with damp soil and one of 
them tightly packed while the other is continua lly kept loose 
by cultivation, what do we notice in the difference in color of 
the soil in the t wo cans? 
If we secure several pieces of glass tubing several inches 
long of different diameters and set the s e tubes in a glass of 
water, what do we observe regardin g the relative height of the 
tubes? 
If a lamp wick is hung over the edge of a glass full of 
water so that the free end hangs into an empty glass, does any 
sign of capillary action appear? 
What can be observed when we look a t a s mear of milk a nd 
one of cream under a microscope? Vfuat can be observed floating 
in the watery part? 
Vfuat happens when a test tube full of sugar solution is 
inverted into a dish of water and yeast, then placed in a warm 
place? 
If one tuning fork is struck and held up, are any 
vibrations produced in another tuning fork held a short dis-
tance away? 
If a glass of water is slowly heated, what do you see arise 
in the water? Does air penetrate water? 
If a balloon is filled with a gas lighter than air, what 
happens when you release the balloon? 
iv 
If a football is filled ~dth a recorded quantity of water 
and then emptied and filled with a recorded quantity of air, 
what is the difference between these two quantities? How do 
you account for this difference? 
If mercuric oxide is heated and the gas given off collect-
ed, does this gas burn or support combustion? ~~at is this 
gas? 
If you shake some limewater in a container of "dry ice," 
what will happen to the limewater? Does a lighted match burn 
in the container? 
If a piece of phosphorus is flo a ted in a dish of water and 
covered by an inverted bottle of air, what will happen to the 
water level in the bottle? 
If a test tube containing one-quarter to one-half inch ar 
potassium chlorate is heated, what gas will be collected? 
If artificial hard water is made by adding ten grams of 
calcium chloride to a liter of water, what will happen when a 
few drops of a strong soap solution is shaken in a test tube 
lialf full of this hard water? 
If water is boiled in a flask with a thermometer attached 
through a rubber stopper, what will be the temperature at which 
the water will boil? If the pressure is increased in the flask, 
what will be the difference in the two boiling points? 
If hydrochloric acid is poured through a thistle tube into 
a flas k containing rn.arble chips, wha t gas will be given off? 
If a carbon dioxide generator is set up, will the ga s giver 
off burn or support combustion? 
Wnat will 
left standing? 
mixture if gum 
oil and water? 
be observed in a mixture of oil and water when 
What will be noted in contrast to the first 
acacia (gum arabic) is added to the mixture of 
If one half of a suspension of water and mud is filtered 
and the other half left standing, what difference will be noted 
in the characteristics of the two halves? 
If hydrochloric acid is added to zinc and the gas collect-
ed, will this gas burn or support combustion? vfuat is this 
gas? 
v 
Ir you pour some hot water into a large beaker and stir 
some chloride of lime, then stir in a washing soda and allow the 
solution to settle, and then pour orr the liquid into a beaker, 
(make the dilute acid in the other beaker by pouring ten ~c. or 
hydrochloric acid into ninety c.c. of water}, write on a piece 
or.taper with ink, blot with a glass rod, rub some of the 
solution rrom the rirst beaker on the writing, then rub with 
rod some or the dilute acid solution, what happens? 
Ir blue litmus paper is placed in a beaker or acid, wh a t 
will be noted in color of the li tm.us paper? What color change 
is repeated in a base solution? Red litmus· in a base solution? 
Ir some acid is placed in a beaker with a piece or blue 
litmus paper and then some base solution added, is it possible 
to neutralize an acid? 
. Ir a spring is set s 0 that it holds down a piece of ice in 
a test tube filled with water) what will ha~pen to the ice ir a 
Bunsen burner is a pplied so tnat it will bo~l the water near the 
top or the tube? 
Ir carbon tetrachloride vapors are poured on a flame, what 
is the result? Does this put out a g asoline flame? 
Ir a solution of alum, copper sulpha te, or hypo with warm 
water is made and a string dipped into it, why do the crystals 
formed grow after a rew days? 
If alum is added to one of t wo bottles filled with muddy 
water and both bottles are allowed to stand for twenty-rour 
hours, which bottle will have the clearer water? · 
Ir a tennis ball is stuck on a needle so that it rests at 
a twenty-three and one-half degree angle and then a two-inch 
circle is drawn on a piece of paper marked off at N, December 
21; Vl , March 21; E, September 21; and S, June 21; now place a 
candle in the winter position, does the leng th of the days 
chang e as the light moves? Does this explain why the leng ths 
or ni ghts and days change? 
If a piece of cardboard is placed so tha t it just 
window and a small hole punched in it, what happens to 
sunlight that comes through the hole from day to day? 
mark the light on the wall, where do the marks move to ·? 
this show hovv the angle of the sun's rays cbange? 
ri ts the 
the 
If you 
Does 
Ir two small boxes are rUled with sand with the bulb or 
a thermometer buried in each box, how will the tempera tures 
compare if the sun strikes one of them at a ninety degree angle 
and the other at a rorty-five degree angle1 
vi 
If the outside of a stone from a stream is scraped with a 
jackknife blade once, then the stone is broken and the inside 
scraped, how does the hardness of the outside compare with the 
inside? 
If pieces of shale, limestone, or s andstone are scraped 
with a knife , what property is observed? If hydrochloric acid 
is poured onto the rocks, what chermcal ·reaction takes place? 
If a dry cell is connected to a bell and the circuit broken 
in the middle, will the bell ring if the c ire ui t is completed 
with copper, silver, brass, rubber, string, glass , paper, dis-
tilled water, tap water , and salt water? Vfuioh conducts 
electricity better? 
If you generate into a rubber balloon a gas heavier than 
air, such as carbon dioxide, will the balloon rise? If a 
lighter gas, such as hydrogen is used, will the balloon rise 
now? 
If illuminating gas is passed into a hole in the side of a 
can five inches high, three inches in diameter, and ignited 
coming out through a hole in the top of the can, what . happens 
to the gas flame when the hose is removed from the side just as 
the flame seems to go out? 
If the zinc from a dry cell battery is removed, what 
observation is noted on the zinc? If the layers are removed, 
what has taken the place of the copper plate? 
If water is poured onto a mound of loose sand or dirt , what 
happens? 
If you place two leads from the terminal points of a 
battery, one under each of two filled test tubes of water in-
verted in a jar of water being sure that the wires from the 
battery are under their respective tubes, what will happen to 
the water in the tubes? What happens when tested with a glowing 
splint? 
Wnap happens when the water from a distiller runs on the 
blades of a small water wheel? 
If sugar is heated, and while it is bubbling, a cold beaker 
is placed over the experiment, wha t is the liquid which appears 
on the inner surface of the beaker? 
If a sulphur and iron ar e well mixed in a pile and a mag-
net drawn over them, do they separate? If they are heated 
together, can they be separated by a magnet? 
vii 
If a glowing splint is applied to the mu th of a bottle of 
oxygen, what happens? Can you smell, taste, or see this gas? 
If we place a burning splint in a bottle of a nitrogen, 
does it go out? Does this gas produce any change in limewater? 
If carbon dioxide is run through limewater, what happens 
to the limewater? 
If we pump air throu gh limewater, is there any sign of 
carbon dioxide? 
If air is pumped through a test tube, what collects on the · 
surface of the tube? 
If a cold dry jar is held over a candle flame, what 
collects on the ja,r? If a candle is allowed to burn in a closed 
j ar until it goes out, and limewater shaken up in the jar, what 
results are noted? 
If some finely divided lea d is placed on a sheet of 
asbestos and left to set, what happens to the color? Is a new 
substance formed? 
If a pad of steel wool is placed in a test tube and the 
test tube inverted in a pan of water, what happ ens to the steel 
wool upon standing? 
If a burning candle is lowered into exhaled air , will it 
continue to burn? If exhaled air is passed through limewater, 
will it show the presence of carbon dioxide? 
If there is moisture and dust on the inside of a bottle 
and the air is pumped out, what forms when the stopper is re-
moved? 
If hydrogen and oxygen are brought together and ignited, 
what is the new substance formed? 
If a glass jar is partially filled with small pebbles and 
gravel, on top of which is a layer of soil, and water is poured 
in, wha t is the top of the satura ted soil called? 
If two filters are made, one with filter paper and one 
with sand, a nd we pour salt water through them, does it still 
taste salty? · Is the mud removed from muddy water? 
If three samples of soil are taken, one of ordinary soil, 
one of sand, and one of the material from the forest soil, and 
water poured through them, which will yield the most water back! 
Vfuich the least? 
viii 
If a piece of silver bromide paper is placed in the sun 
with a key in the middle of it, what bappens? 
If' a small propeller is mounted on a piece of soda straw 
which is fastened to a string and a piece of cork, and is placed 
facing an electric fan, what happ ens? · 
If sand, gravel, and fine dirt are placed in a jar and 
mixed thoroughly an d then shaken, what happens? 
If several layers of different substances are placed be-
t ween t wo boards and the boards pushed together slowly, what 
happens? 
If t wo or three crystals of :potassium permanganate are 
dropped into a beaker and he a ted gently from below, what 
happens? 
If' one inch of soil is placed in a tall fruit jar nea rly 
full of water, what happens when shaken thoroughly and allowed 
to stand? What happens when soil is sprinkled at intervals in-
to the same jar? 
Vfuat happens when a drinking @.ass is held over a flame? 
If drops of water are added to a test tube containing a 
teaspoon of sodium peroxide, what happens when a glowing splint 
is inserted into the test tube? 
· If a teaspoonful each of potas sium chlorate and manganese 
dioxide is placed in a test tube, he a ted, and the gas given off 
is collected by displacement of water in a bottle; wha t happens 
to the iron when an iron wire with a small burning splint is 
lowered into the gas bottle? 
'What happens when we examine c arefully calcium chloride 
after being exposed to the air one da y? 
It a few drops of hydrochloric acid are dropped on a 
piece of zinc in a test tube, wh a t happens when a burning match 
is placed at the IrJOuth? 
If a few drops of silver nitra te are added to five glasses 
of water from various sources (se a , springs, wells, rain, etc. } , 
and if the t e st produced a white cloud in the water, what does 
this prove? 
If a piece of magnesium ribbon is placed over a burner, 
what is produced? 
What happens to a silver spoon when it is left with a 
boiled egg over night? 
If ~vo chalk erasers are clapped together in a partially 
darkened room where a straight beam of sunlight is c am.ing 
in through a small opening, does the chalk dust diffuse the 
light? 
If a pound of quick lime and one third of its weight in 
water are allowed to stand together, what new compound is 
formed? 
ix 
If small amounts of cracked ice, salt, and a little water 
are mixed together, how does its temperature compare to the 
temperature of pure ice or snow in .a little water? 
